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Description
TECHNICAL FIELD

[0001] Aspects of this disclosure generally are related
to systems and methods for activating transducers to
ablate tissue and providing information related to the
tissue ablation.

BACKGROUND

[0002] Cardiac surgery was initially undertaken using
highly invasive open procedures. A sternotomy, which is
a type of incision in the center of the chest that separates
the sternum was typically employed to allow access to the
heart. In the past several decades, more and more car-
diac operations are performed using intravascular or
percutaneous techniques, where access to inner organs
or other tissue is gained via a catheter.

[0003] Intravascular or percutaneous surgeries benefit
patients by reducing surgery risk, complications and
recovery time. However, the use of intravascular or per-
cutaneous technologies also raises some particular chal-
lenges. Medical devices used in intravascular or percu-
taneous surgery need to be deployed via catheter sys-
tems which significantly increase the complexity of the
device structure. As well, doctors do not have direct
visual contact with the medical devices once the devices
are positioned within the body.

[0004] One example of where intravascular or percu-
taneous medical techniques have been employed is in
the treatment of a heart disorder called atrial fibrillation.
Atrial fibrillation is a disorder in which spurious electrical
signals cause an irregular heartbeat. Atrial fibrillation has
been treated with open heart methods using a technique
known as the "Cox-Maze procedure". During this proce-
dure, physicians create specific patterns of lesions in the
left or right atria to block various paths taken by the
spurious electrical signals. Such lesions were originally
created using incisions, but are now typically created by
ablating the tissue with various techniques including
radio-frequency (RF) energy, microwave energy, laser
energy, and cryogenic techniques. The procedure is
performed with a high success rate under the direct vision
that is provided in open procedures, but is relatively
complex to perform intravascularly or percutaneously
because of the difficulty in creating lesions with the de-
sired characteristics. Various problems may occur if the
lesions are incorrectly formed. For example, unless the
formed lesions are transmural (e.g., extend fully through-
out a thickness of the target cardiac tissue), their ability to
block paths taken within the heart by spurious electrical
signals may be compromised. In some cases, increased
levels of ablative energy, increased delivery times of the
ablative energy, or both may allow for lesion transmurality
to be achieved in the target cardiac tissue. However,
since tissue thickness is variable and may not be easily
or readily ascertained in percutaneous procedures, var-
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ious tissue structures that underlie the target cardiac
tissue, but which should not be ablated, may be at risk
of being subjected to the ablation energy supplied with
increased levels or longer durations. One particular un-
desired complication that may arise is the formation of
atrio-esophageal fistulas.

[0005] Inthisregard, thereis a need forimproved intra-
bodily-cavity transducer-based device systems or con-
trol mechanisms thereof that can provide improved in-
dications of lesion transmurality, especially during the
formation of the lesion.

SUMMARY

[0006] Atleastthe above-discussedneedisaddressed
and technical solutions are achieved by various embodi-
ments of the present invention. In some embodiments,
device systems and methods executed by such systems
exhibit enhanced capabilities for the control of ablation
activation of various transducers, which may be located
within a bodily cavity, such as an intra-cardiac cavity. In
some embodiments, the systems or a portion thereof may
be percutaneously orintravascularly delivered to position
the various transducers within the bodily cavity. Various
ones of the transducers may be activated to distinguish
tissue from blood and may be used to deliver positional
information of the device relative to various anatomical
features in the bodily cavity, such as the pulmonary veins
and mitral valve in an atrium. Various ones of the trans-
ducers may employ characteristics such as blood flow
detection, impedance change detection or deflection
force detection to discriminate between blood and tissue.
Various ones of the transducers may be used to treat
tissue within a bodily cavity. Various ones of the transdu-
cers may be used to detect electrophysiological activity in
the bodily cavity. Other advantages will become apparent
from the teaching herein to those of skill in the art.

[0007] Insome embodiments, an intra-cardiac voltage
data display system may be summarized as including a
data processing device system, an input-output device
system communicatively connected to the data proces-
sing device system, and a memory device system com-
municatively connected to the data processing device
system and storing a program executable by the data
processing device system. The program may include
data reception instructions configured to cause reception
of intra-cardiac voltage data via the input-output device
system, the intra-cardiac voltage data sampled by an
electrode over a period of time including a plurality of
cardiac cycles. The program may include cardiac event
identification instructions configured to identify a respec-
tive occurrence of a particular cardiac eventin each of the
plurality of cardiac cycles. The program may include data
identification instructions configured to identify, for each
respective one of the plurality of cardiac cycles, a re-
spective first portion of the intra-cardiac voltage data
sampled during the respective one of the plurality of
cardiac cycles, each respective first portion of the in-
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tra-cardiac voltage data identified in accordance with a
predetermined temporal relationship with the respective
occurrence of the particular cardiac event identified in the
respective one of the plurality of cardiac cycles. The
program may include excludable data identification in-
structions configured to identify, for each respective one
of the plurality of cardiac cycles, a particular portion of the
intra-cardiac voltage data sampled during the respective
one of the plurality of cardiac cycles as an excludable
portion of the intra-cardiac voltage data sampled by the
electrode during the respective one of the plurality of
cardiac cycles, each identified excludable portion of
the intra-cardiac voltage data including some but not
all of the intra-cardiac voltage data sampled by the elec-
trode during the respective one of the plurality of cardiac
cycles. The program may include data derivation instruc-
tions configured to derive, for each respective one of the
plurality of cardiac cycles, a respective one of a plurality
of data sets at least in part from a respective second
portion of the intra-cardiac voltage data sampled by the
electrode during the respective one of the plurality of
cardiac cycles, each respective one of the plurality of
data sets derived only from particular data that excludes
the identified excludable portion of the intra-cardiac vol-
tage data sampled by the electrode during the respective
one of the plurality of cardiac cycles. The program may
include display instructions configured to cause the input-
output device system to concurrently display the plurality
of data sets.

[0008] In some embodiments, the excludable data
identification instructions may be configured to identify
each excludable portion of the intra-cardiac voltage data
sampled by the electrode during the respective one of the
plurality of cardiac cycles as including the identified re-
spective first portion of the intra-cardiac voltage data
sampled during the respective one of the plurality of
cardiac cycles. In some embodiments, the data identifi-
cation instructions may be configured to identify each
respective first portion of the intra-cardiac voltage data as
including a portion of the intra-cardiac voltage data
sampled by the electrode at least in part during the
occurrence of the particular cardiac event identified in
the respective one of the plurality of cardiac cycles. In
some embodiments, the data identification instructions
may be configured to identify each respective first portion
of the intra-cardiac voltage data as including a portion of
the intra-cardiac voltage data sampled by the electrode at
least in part during the respective one of the plurality of
cardiac cycles after the occurrence of the particular car-
diac event identified in the respective one of the plurality
of cardiac cycles. In some embodiments, the data iden-
tification instructions may be configured to identify each
respective first portion of the intra-cardiac voltage data as
including a portion of the intra-cardiac voltage data
sampled by the electrode at least in part during the
respective one of the plurality of cardiac cycles before
the occurrence of the particular cardiac eventidentified in
the respective one of the plurality of cardiac cycles. In
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some embodiments, the data identification instructions
may be configured to identify each respective first portion
of the intra-cardiac voltage data as including a portion of
the intra-cardiac voltage data sampled by the electrode
during a predetermined time interval that includes the
occurrence of the particular cardiac eventidentified in the
respective one of the plurality of cardiac cycles.

[0009] In some embodiments, the cardiac event iden-
tification instructions may be configured to identify the
respective occurrence of the particular cardiac event in
each respective one of the plurality of cardiac cycles from
data other than the intra-cardiac voltage data sampled by
the electrode. In some embodiments, the cardiac event
identification instructions may be configured to identify
the respective occurrence of the particular cardiac event
in each respective one of the plurality of cardiac cycles
from electrocardiogram data. In some embodiments, the
cardiac event identification instructions may be config-
ured to identify the respective occurrence of the particular
cardiac event in each respective one of the plurality of
cardiac cycles as including a maximum absolute voltage
value in the electrocardiogram data in the respective one
of the plurality of cardiac cycles. In some embodiments,
the cardiac event identification instructions may be con-
figured to identify the respective occurrence of the parti-
cular cardiac event in each respective one of the plurality
of cardiac cycles as arespective occurrence ofan Rwave
in the electrocardiogram data during the respective one
of the plurality of cardiac cycles. In some embodiments,
the cardiac event identification instructions may be con-
figured to identify the respective occurrence of the parti-
cular cardiac event in each respective one of the plurality
of cardiac cycles as a respective occurrence of at least
part of a QRS complex in the electrocardiogram data
during the respective one of the plurality of cardiac cy-
cles, a respective occurrence of a P wave in the electro-
cardiogram data during the respective one of the plurality
of cardiac cycles, or arespective occurrence of a Twave
in the electrocardiogram data during the respective one
of the plurality of cardiac cycles.

[0010] In some embodiments, the cardiac event iden-
tification instructions may be configured to identify the
respective occurrence of the particular cardiac event in
each respective one of the plurality of cardiac cycles as a
respective occurrence of ventricular systole during the
respective one of the plurality of cardiac cycles. In some
embodiments, the cardiac event identification instruc-
tions may be configured to identify the respective occur-
rence of the particular cardiac event in each respective
one of the plurality of cardiac cycles as a respective
occurrence of ventricular systole during the respective
one of the plurality of cardiac cycles, a respective occur-
rence of ventricular diastole during the respective one of
the plurality of cardiac cycles, a respective occurrence of
atrial systole during the respective one of the plurality of
cardiac cycles, or a respective occurrence of atrial dia-
stole during the respective one of the plurality of cardiac
cycles.



5 EP 4 574 044 A2 6

[0011] In some embodiments, the cardiac event iden-
tification instructions may be configured to identify the
respective occurrence of the particular cardiac event in
each respective one of the plurality of cardiac cycles from
the intra-cardiac voltage data sampled by the electrode.
In some embodiments, the cardiac event identification
instructions may be configured to identify the respective
occurrence of the particular cardiac event in each re-
spective one of the plurality of cardiac cycles atleast from
intra-cardiac electrogram data derived from intra-cardiac
voltage data other than the intra-cardiac voltage data
sampled by the electrode. In some embodiments, the
cardiac event identification instructions may be config-
ured to identify the respective occurrence of the particular
cardiac event in each respective one of the plurality of
cardiac cycles as a respective occurrence of a V wave in
the intra-cardiac electrogram data, the V wave occurring
during the respective one of the plurality of cardiac cy-
cles.

[0012] In some embodiments, the data derivation in-
structions may be configured to derive each respective
one of the plurality of data sets at least in part from a first
respective part of the respective second portion of the
intra-cardiac voltage data sampled by the electrode dur-
ing the respective one of the plurality of cardiac cycles,
the first respective part including a maximum value as
compared with other parts of the respective second por-
tion of the intra-cardiac voltage data sampled by the
electrode during the respective one of the plurality of
cardiac cycles. In some embodiments, the data deriva-
tion instructions may be configured to derive each re-
spective one of the plurality of data sets at least in part
from a second respective part of the respective second
portion of the intra-cardiac voltage data sampled by the
electrode during the respective one of the plurality of
cardiac cycles, the second respective part including a
minimum value as compared with other parts of the
respective second portion of the intra-cardiac voltage
data sampled by the electrode during the respective
one of the plurality of cardiac cycles.

[0013] In some embodiments, each of the plurality of
data sets may include data representative of a maximum
absolute value in the respective second portion of the
intra-cardiac voltage data sampled by the electrode dur-
ing the respective one of the plurality of cardiac cycles. In
some embodiments, each of the plurality of data sets may
include data representative of a difference between a
maximum value and a minimum value in the respective
second portion of the intra-cardiac voltage data sampled
by the electrode during the respective one of the plurality
of cardiac cycles. In some embodiments, each of the
plurality of data sets may include data representative of a
difference between two values in the respective second
portion of the intra-cardiac voltage data sampled by the
electrode during the respective one of the plurality of
cardiac cycles.

[0014] In some embodiments, the program may in-
clude activation instructions configured to cause the

10

20

25

30

35

40

45

50

55

electrode to transmit energy sufficient to cause tissue
ablation at least during the sampling of the intra-cardiac
voltage data by the electrode over the period of time
including the plurality of cardiac cycles.

[0015] In some embodiments, the display instructions
may be configured to cause the input-output device
system to sequentially display each of the plurality of
data sets until all of the plurality of data sets are concur-
rently displayed by the input-output device system. In
some embodiments, the display instructions may be
configured to cause the input-output device system to
sequentially display each of the plurality of data sets
according to a first order that is consistent with an order
of the plurality of cardiac cycles during the period of time.
In some embodiments, the display instructions may be
configured to cause the input-output device system to
display the plurality of the data sets in a first spatial order
representative of an order of the plurality of cardiac cycles
during the period of time. In some embodiments, the
display instructions may be configured to cause the in-
put-output device system to sequentially display each of
the plurality of data sets according to a first order that is
consistent with the order of the plurality of cardiac cycles
during the period of time. In some embodiments, the
display instructions may be configured to cause the in-
put-output device system to display an intra-cardiac
electrogram concurrently with the plurality of data sets,
the intra-cardiac electrogram derived from at least a
portion of the intra-cardiac voltage data sampled by
the electrode, and the intra-cardiac electrogram under-
going a biphasic to monophasic transformation during at
least part of the sequential display of each of the plurality
of data sets. In some embodiments, the display instruc-
tions may be configured to cause the input-output device
system to display a monophasic intra-cardiac electro-
gram concurrently with the plurality of data sets, the
monophasic intra-cardiac electrogram derived from at
least a portion of the intra-cardiac voltage data sampled
by the electrode, and the monophasic intra-cardiac elec-
trogram reducing in amplitude with each sequential dis-
play of each of atleast some of the plurality of data sets. In
some embodiments, the monophasic intra-cardiac elec-
trogram has a positive polarity.

[0016] In some embodiments, the display instructions
may be configured to cause the input-output device
system to display an intra-cardiac electrogram concur-
rently with the plurality of data sets, the intra-cardiac
electrogram derived from at least a portion of the intra-
cardiac voltage data sampled by the electrode. The intra-
cardiac electrogram may a monophasic intra-cardiac
electrogram. The monophasic intra-cardiac electrogram
may have a positive polarity in some embodiments. In
some embodiments, the display instructions may be
configured to cause the input-output device system to
display the plurality of data sets among at least a portion
of the intra-cardiac electrogram.

[0017] In some embodiments, each of the plurality of
data sets may include a respective one of a plurality of
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voltage magnitude sets. Each respective one of the
plurality of voltage magnitude sets may be frequency-
weighted. In some embodiments, each respective sec-
ond portion of the intra-cardiac voltage data sampled by
the electrode during the respective one of the plurality of
cardiac cycles may include frequency-weighted data. In
some embodiments, the intra-cardiac voltage data may
be sampled by the electrode while positioned at a same
location in an intra-cardiac cavity during each of the
plurality of cardiac cycles in the period of time.

[0018] Various systems may include combinations and
subsets of all the systems summarized above or other-
wise described herein.

[0019] Insome embodiments, an intra-cardiac voltage
data display system may be summarized as including a
data processing device system, an input-output device
system communicatively connected to the data proces-
sing device system, and a memory device system com-
municatively connected to the data processing device
system and storing a program executable by the data
processing device system. The data processing device
system may be configured by the program at least to
receive intra-cardiac voltage data via the input-output
device system, the intra-cardiac voltage data sampled
by an electrode over a period of time including a plurality
of cardiac cycles. The data processing device system
may be configured by the program at least to identify a
respective occurrence of a particular cardiac event in
each of the plurality of cardiac cycles. The data proces-
sing device system may be configured by the program at
least to identify, for each respective one of the plurality of
cardiac cycles, a respective first portion of the intra-
cardiac voltage data sampled during the respective
one of the plurality of cardiac cycles, each respective
first portion of the intra-cardiac voltage data identified in
accordance with a predetermined temporal relationship
with the respective occurrence of the particular cardiac
event identified in the respective one of the plurality of
cardiac cycles. The data processing device system may
be configured by the program at least to identify, for each
respective one of the plurality of cardiac cycles, a parti-
cular portion of the intra-cardiac voltage data sampled
during the respective one of the plurality of cardiac cycles
as an excludable portion of the intra-cardiac voltage data
sampled by the electrode during the respective one of the
plurality of cardiac cycles, each identified excludable
portion of the intra-cardiac voltage data including some
but not all of the intra-cardiac voltage data sampled by the
electrode during the respective one of the plurality of
cardiac cycles. The data processing device system
may be configured by the program at least to derive,
for each respective one of the plurality of cardiac cycles,
a respective one of a plurality of data sets at least in part
from a respective second portion of the intra-cardiac
voltage data sampled by the electrode during the respec-
tive one of the plurality of cardiac cycles, each respective
one of the plurality of data sets derived only from parti-
cular data that excludes the identified excludable portion
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oftheintra-cardiac voltage data sampled by the electrode
during the respective one of the plurality of cardiac cy-
cles. The data processing device system may be config-
ured by the program at least to cause the input-output
device system to concurrently display the plurality of data
sets.

[0020] Insome embodiments, an intra-cardiac voltage
data display method is executed by a data processing
device system according to a program stored by a mem-
ory device system communicatively connected to the
data processing device system, the data processing
device system further communicatively connected to
an input-output device system. The method may include
receiving intra-cardiac voltage data via the input-output
device system, the intra-cardiac voltage data sampled by
an electrode over a period of time including a plurality of
cardiac cycles. The method may include identifying a
respective occurrence of a particular cardiac event in
each of the plurality of cardiac cycles. The method
may include identifying, for each respective one of the
plurality of cardiac cycles, a respective first portion of the
intra-cardiac voltage data sampled during the respective
one of the plurality of cardiac cycles, each respective first
portion of the intra-cardiac voltage data identified in
accordance with a predetermined temporal relationship
with the respective occurrence of the particular cardiac
event identified in the respective one of the plurality of
cardiac cycles. The method may include identifying, for
each respective one of the plurality of cardiac cycles, a
particular portion of the intra-cardiac voltage data
sampled during the respective one of the plurality of
cardiac cycles as an excludable portion of the intra-
cardiac voltage data sampled by the electrode during
the respective one of the plurality of cardiac cycles, each
identified excludable portion of the intra-cardiac voltage
dataincluding some but not all of the intra-cardiac voltage
data sampled by the electrode during the respective one
of the plurality of cardiac cycles. The method may include
deriving, for each respective one of the plurality of cardiac
cycles, a respective one of a plurality of data sets at least
in part from a respective second portion of the intra-
cardiac voltage data sampled by the electrode during
the respective one of the plurality of cardiac cycles, each
respective one of the plurality of data sets derived only
from particular data that excludes the identified exclud-
able portion of the intra-cardiac voltage data sampled by
the electrode during the respective one of the plurality of
cardiac cycles. The method may include causing the
input-output device system to concurrently display the
plurality of data sets.

[0021] In some embodiments, a computer-readable
storage medium system may be summarized as includ-
ing one or more computer-readable storage mediums
storing a program executable by one or more data pro-
cessing devices of a data processing device system
communicatively connected to an input-output device
system. The program may include a data reception mod-
ule configured to cause reception of intra-cardiac voltage
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data via the input-output device system, the intra-cardiac
voltage data sampled by an electrode over a period of
time including a plurality of cardiac cycles. The program
may include a cardiac event identification module con-
figured to identify a respective occurrence of a particular
cardiac event in each of the plurality of cardiac cycles.
The program may include a data identification module
configured to identify, for each respective one of the
plurality of cardiac cycles, a respective first portion of
the intra-cardiac voltage data sampled during the respec-
tive one of the plurality of cardiac cycles, each respective
first portion of the intra-cardiac voltage data identified in
accordance with a predetermined temporal relationship
with the respective occurrence of the particular cardiac
event identified in the respective one of the plurality of
cardiac cycles. The program may include an excludable
data identification module configured to identify, for each
respective one of the plurality of cardiac cycles, a parti-
cular portion of the intra-cardiac voltage data sampled
during the respective one of the plurality of cardiac cycles
as an excludable portion of the intra-cardiac voltage data
sampled by the electrode during the respective one of the
plurality of cardiac cycles, each identified excludable
portion of the intra-cardiac voltage data including some
but not all of the intra-cardiac voltage data sampled by the
electrode during the respective one of the plurality of
cardiac cycles. The program may include a data deriva-
tion module configured to derive, for each respective one
of the plurality of cardiac cycles, a respective one of a
plurality of data sets at least in part from a respective
second portion of the intra-cardiac voltage data sampled
by the electrode during the respective one of the plurality
of cardiac cycles, each respective one of the plurality of
data sets derived only from particular data that excludes
the identified excludable portion of the intra-cardiac vol-
tage data sampled by the electrode during the respective
one of the plurality of cardiac cycles. The program may
include a display module configured to cause the input-
output device system to concurrently display the plurality
of data sets.

[0022] Insome embodiments, an intra-cardiac voltage
data display system may be summarized as including a
data processing device system, an input-output device
system communicatively connected to the data proces-
sing device system, and a memory device system com-
municatively connected to the data processing device
system and storing a program executable by the data
processing device system. The program may include
data reception instructions configured to cause reception
of intra-cardiac voltage data via the input-output device
system, the intra-cardiac voltage data sampled by an
electrode over a period of time including a plurality of
cardiac cycles. The program may include data identifica-
tion instructions configured to identify, for each respec-
tive one of the plurality of cardiac cycles, a respective first
portion of the intra-cardiac voltage data sampled during
the respective one of the plurality of cardiac cycles, each
respective first portion of the intra-cardiac voltage data
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identified as including a maximum absolute value of the
intra-cardiac voltage data sampled by the electrode dur-
ing the respective one of the plurality of cardiac cycles,
each identified first portion of the intra-cardiac voltage
dataincluding some but not all of the intra-cardiac voltage
data sampled by the electrode during the respective one
of the plurality of cardiac cycles. The program may in-
clude data derivation instructions configured to derive, for
each respective one of the plurality of cardiac cycles, a
respective one of a plurality of data sets at least in part
from a respective second portion of the intra-cardiac
voltage data sampled by the electrode during the respec-
tive one of the plurality of cardiac cycles, each respective
one of the plurality of data sets derived only from parti-
cular data that excludes the identified first portion of the
intra-cardiac voltage data sampled by the electrode dur-
ing the respective one of the plurality of cardiac cycles.
The program may include display instructions configured
to cause the input-output device system to concurrently
display the plurality of data sets.

[0023] In some embodiments, the data derivation in-
structions may be configured to derive each respective
one of the plurality of data sets at least in part from a first
respective part of the respective second portion of the
intra-cardiac voltage data sampled by the electrode dur-
ing the respective one of the plurality of cardiac cycles,
the first respective part including a maximum value as
compared with other parts of the respective second por-
tion of the intra-cardiac voltage data sampled by the
electrode during the respective one of the plurality of
cardiac cycles. In some embodiments, the data deriva-
tion instructions may be configured to derive each re-
spective one of the plurality of data sets at least in part
from a second respective part of the respective second
portion of the intra-cardiac voltage data sampled by the
electrode during the respective one of the plurality of
cardiac cycles, the second respective part including a
minimum value as compared with other parts of the
respective second portion of the intra-cardiac voltage
data sampled by the electrode during the respective
one of the plurality of cardiac cycles.

[0024] In some embodiments, each of the plurality of
data sets may include data representative of a maximum
absolute value in the respective second portion of the
intra-cardiac voltage data sampled by the electrode dur-
ing the respective one of the plurality of cardiac cycles. In
some embodiments, each of the plurality of data sets may
include data representative of a difference between a
maximum value and a minimum value in the respective
second portion of the intra-cardiac voltage data sampled
by the electrode during the respective one of the plurality
of cardiac cycles. In some embodiments, each of the
plurality of data sets may include data representative of a
difference between two values in the respective second
portion of the intra-cardiac voltage data sampled by the
electrode during the respective one of the plurality of
cardiac cycles. In some embodiments, the program
may include activation instructions configured to cause
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the electrode to transmit energy sufficient to cause tissue
ablation at least during the sampling of the intra-cardiac
voltage data by the electrode over the period of time
including the plurality of cardiac cycles.

[0025] In some embodiments, the display instructions
may be configured to cause the input-output device
system to sequentially display each of the plurality of
data sets until all of the plurality of data sets are concur-
rently displayed by the input-output device system. In
some embodiments, the display instructions may be
configured to cause the input-output device system to
sequentially display each of the plurality of data sets
according to a first order that is consistent with an order
of the plurality of cardiac cycles during the period of time.
In some embodiments, the display instructions may be
configured to cause the input-output device system to
display the plurality of the data sets in a first spatial order
representative of an order of the plurality of cardiac cycles
during the period of time. In some embodiments, the
display instructions may be configured to cause the in-
put-output device system to sequentially display each of
the plurality of data sets according to a first order that is
consistent with the order of the plurality of cardiac cycles
during the period of time. In some embodiments, the
display instructions may be configured to cause the in-
put-output device system to display an intra-cardiac
electrogram concurrently with the plurality of data sets,
the intra-cardiac electrogram derived from at least a
portion of the intra-cardiac voltage data sampled by
the electrode, and the intra-cardiac electrogram under-
going a biphasic to monophasic transformation during at
least part of the sequential display of each of the plurality
of data sets. In some embodiments, the display instruc-
tions may be configured to cause the input-output device
system to display a monophasic intra-cardiac electro-
gram concurrently with the plurality of data sets, the
monophasic intra-cardiac electrogram derived from at
least a portion of the intra-cardiac voltage data sampled
by the electrode, and the monophasic intra-cardiac elec-
trogram reducing in amplitude with each sequential dis-
play of each of at least some of the plurality of data sets.
The monophasic intra-cardiac electrogram has a positive
polarity in some embodiments.

[0026] In some embodiments, the display instructions
may be configured to cause the input-output device
system to display an intra-cardiac electrogram concur-
rently with the plurality of data sets, the intra-cardiac
electrogram derived from at least a portion of the intra-
cardiac voltage data sampled by the electrode. In some
embodiments, the intra-cardiac electrogram is a mono-
phasic intra-cardiac electrogram. The monophasic intra-
cardiac electrogram may have a positive polarity in some
embodiments. In some embodiments, the display in-
structions may be configured to cause the input-output
device system to display the plurality of data sets among
at least a portion of the intra-cardiac electrogram.
[0027] In some embodiments, each of the plurality of
data sets may include a respective one of a plurality of
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voltage magnitude sets. In some embodiments, each
respective one of the plurality of voltage magnitude sets
is frequency-weighted. In some embodiments, each re-
spective second portion of the intra-cardiac voltage data
sampled by the electrode during the respective one of the
plurality of cardiac cycles includes frequency-weighted
data. In some embodiments, the intra-cardiac voltage
data may be sampled by the electrode while positioned at
a same location in an intra-cardiac cavity during each of
the plurality of cardiac cycles in the period of time.
[0028] Various systems may include combinations and
subsets of all the systems summarized above or other-
wise described herein.

[0029] Insome embodiments, an intra-cardiac voltage
data display system may be summarized as including a
data processing device system, an input-output device
system communicatively connected to the data proces-
sing device system, and a memory device system com-
municatively connected to the data processing device
system and storing a program executable by the data
processing device system. The data processing device
system may be configured by the program at least to
receive intra-cardiac voltage data via the input-output
device system, the intra-cardiac voltage data sampled
by an electrode over a period of time including a plurality
of cardiac cycles. The data processing device system
may be configured by the program at least to identify, for
each respective one of the plurality of cardiac cycles, a
respective first portion of the intra-cardiac voltage data
sampled during the respective one of the plurality of
cardiac cycles, each respective first portion of the in-
tra-cardiac voltage data identified as including a max-
imum absolute value of the intra-cardiac voltage data
sampled by the electrode during the respective one of the
plurality of cardiac cycles, each identified first portion of
the intra-cardiac voltage data including some but not all of
the intra-cardiac voltage data sampled by the electrode
during the respective one of the plurality of cardiac cy-
cles. The data processing device system may be config-
ured by the program at least to derive, for each respective
one of the plurality of cardiac cycles, a respective one ofa
plurality of data sets at least in part from a respective
second portion of the intra-cardiac voltage data sampled
by the electrode during the respective one of the plurality
of cardiac cycles, each respective one of the plurality of
data sets derived only from particular data that excludes
the identified first portion of the intra-cardiac voltage data
sampled by the electrode during the respective one of the
plurality of cardiac cycles. The data processing device
system may be configured by the program at least to
cause the input-output device system to concurrently
display the plurality of data sets.

[0030] Insome embodiments, an intra-cardiac voltage
data display method is executed by a data processing
device system according to a program stored by a mem-
ory device system communicatively connected to the
data processing device system, the data processing
device system further communicatively connected to
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an input-output device system. The method may include
receiving intra-cardiac voltage data via the input-output
device system, the intra-cardiac voltage data sampled by
an electrode over a period of time including a plurality of
cardiac cycles. The method may include identifying, for
each respective one of the plurality of cardiac cycles, a
respective first portion of the intra-cardiac voltage data
sampled during the respective one of the plurality of
cardiac cycles, each respective first portion of the in-
tra-cardiac voltage data identified as including a max-
imum absolute value of the intra-cardiac voltage data
sampled by the electrode during the respective one of the
plurality of cardiac cycles, each identified first portion of
the intra-cardiac voltage dataincluding some but not all of
the intra-cardiac voltage data sampled by the electrode
during the respective one of the plurality of cardiac cy-
cles. The method may include deriving, for each respec-
tive one of the plurality of cardiac cycles, arespective one
of a plurality of data sets at least in part from a respective
second portion of the intra-cardiac voltage data sampled
by the electrode during the respective one of the plurality
of cardiac cycles, each respective one of the plurality of
data sets derived only from particular data that excludes
the identified first portion of the intra-cardiac voltage data
sampled by the electrode during the respective one of the
plurality of cardiac cycles. The method may include caus-
ing the input-output device system to concurrently dis-
play the plurality of data sets.

[0031] In some embodiments, a computer-readable
storage medium system may be summarized as includ-
ing one or more computer-readable storage mediums
storing a program executable by one or more data pro-
cessing devices of a data processing device system
communicatively connected to an input-output device
system. The program may include a data reception mod-
ule configured to cause reception of intra-cardiac voltage
data via the input-output device system, the intra-cardiac
voltage data sampled by an electrode over a period of
time including a plurality of cardiac cycles. The program
may include a data identification module configured to
identify, for each respective one of the plurality of cardiac
cycles, a respective first portion of the intra-cardiac vol-
tage data sampled during the respective one of the
plurality of cardiac cycles, each respective first portion
of the intra-cardiac voltage data identified as including a
maximum absolute value of the intra-cardiac voltage data
sampled by the electrode during the respective one of the
plurality of cardiac cycles, each identified first portion of
the intra-cardiac voltage dataincluding some but not all of
the intra-cardiac voltage data sampled by the electrode
during the respective one of the plurality of cardiac cy-
cles. The program may include a data derivation module
configured to derive, for each respective one of the
plurality of cardiac cycles, a respective one of a plurality
of data sets at least in part from a respective second
portion of the intra-cardiac voltage data sampled by the
electrode during the respective one of the plurality of
cardiac cycles, each respective one of the plurality of

10

15

20

25

30

35

40

45

50

55

data sets derived only from particular data that excludes
the identified first portion of the intra-cardiac voltage data
sampled by the electrode during the respective one of the
plurality of cardiac cycles. The program may include a
display module configured to cause the input-output
device system to concurrently display the plurality of data
sets.

[0032] Insome embodiments, an intra-cardiac voltage
data display system may be summarized as including a
data processing device system, an input-output device
system communicatively connected to the data proces-
sing device system, and a memory device system com-
municatively connected to the data processing device
system and storing a program executable by the data
processing device system. The program may include
data reception instructions configured to cause reception
of intra-cardiac voltage data via the input-output device
system, the intra-cardiac voltage data sampled by an
electrode over a period of time including a plurality of
cardiac cycles that include at least a first cardiac cycle
and a second cardiac cycle other than the first cardiac
cycle, the second cardiac cycle occurring after the first
cardiac cycle. The program may include display instruc-
tions configured to cause the input-output device system
to display a plurality of data sets including a concurrently
displayed first data set and a concurrently displayed
second data set. The program may include data deriva-
tion instructions configured to derive the first data set at
least in part from the intra-cardiac voltage data sampled
by the electrode during a first time in the first cardiac
cycle, and from the intra-cardiac voltage data sampled by
the electrode during a second time in the first cardiac
cycle, the second time occurring after the first time. The
data derivation instructions may be configured to derive
the second data set only from particular data, the parti-
cular data excluding at least some of the intra-cardiac
voltage data sampled by the electrode during the second
time in the first cardiac cycle, and the particular data
including at least some of the intra-cardiac voltage data
sampled by the electrode during the first time in the first
cardiac cycle and at least some of the intra-cardiac
voltage data sampled by the electrode during the second
cardiac cycle.

[0033] In some embodiments, the data derivation in-
structions may be configured to derive the first data set at
least in part from at least part of the intra-cardiac voltage
data sampled by the electrode during the second cardiac
cycle. In some embodiments, the concurrently displayed
first data set may include at least a portion of an intra-
cardiac electrogram. In some embodiments, the concur-
rently displayed first data set may include at least a
portion of a monophasic intra-cardiac electrogram. The
monophasic intra-cardiac electrogram may have a posi-
tive polarity in some embodiments. In some embodi-
ments, the displayed portion of the intra-cardiac electro-
gram may include a particular biphasic portion of the
portion of the intra-cardiac electrogram derived from at
least some of the intra-cardiac voltage data sampled by
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the electrode during the first cardiac cycle, and a parti-
cular monophasic portion of the portion of the intra-car-
diac electrogram derived from the atleast part of the intra-
cardiac voltage data sampled by the electrode during the
second cardiac cycle. In some embodiments, the dis-
played portion of the intra-cardiac electrogram may in-
clude afirst monophasic portion of the portion of the intra-
cardiac electrogram derived from at least some of the
intra-cardiac voltage data sampled by the electrode dur-
ing the first cardiac cycle, and a second monophasic
portion of the portion of the intra-cardiac electrogram
derived from the at least part of the intra-cardiac voltage
data sampled by the electrode during the second cardiac
cycle. Each of the first and the second monophasic
portions of the intra-cardiac electrogram may have a
positive polarity in some embodiments. in some embodi-
ments, an amplitude of the first monophasic portion of the
portion of the intra-cardiac electrogram may be greater
than an amplitude of the second monophasic portion of
the portion of the intra-cardiac electrogram.

[0034] In some embodiments, the data derivation in-
structions may be configured to derive the first data set at
least in part from a particular portion of the intra-cardiac
voltage data sampled by the electrode during the second
cardiac cycle, and the particular data may exclude the
particular portion of the intra-cardiac voltage data
sampled by the electrode during the second cardiac
cycle. In some embodiments, the particular data may
exclude a maximum absolute value of the intra-cardiac
voltage data sampled by the electrode during the first
cardiac cycle. In some embodiments, the particular data
may exclude atleast some of a portion of the intra-cardiac
voltage data sampled by the electrode during an occur-
rence of ventricular systole in the first cardiac cycle.
[0035] In some embodiments, the concurrently dis-
played second data set may include data representative
of a maximum absolute value of the intra-cardiac voltage
data sampled by the electrode during the first time in the
first cardiac cycle. In some embodiments, the concur-
rently displayed second data set may include data re-
presentative of a difference between two values of the
intra-cardiac voltage data sampled by the electrode dur-
ing the first time in the first cardiac cycle. In some embo-
diments, the concurrently displayed second data set may
include data representative of a difference between a
maximum value of the intra-cardiac voltage data sampled
by the electrode during the first time in the first cardiac
cycle and a minimum value of the intra-cardiac voltage
data sampled by the electrode during the first time in the
first cardiac cycle. In some embodiments, the concur-
rently displayed second data set may include data de-
rived from (a) a minimum value of the intra-cardiac vol-
tage data sampled by the electrode during the firsttime in
the first cardiac cycle; (b) a maximum value of the intra-
cardiac voltage data sampled by the electrode during the
first time in the first cardiac cycle; or both (a) and (b). In
some embodiments, the concurrently displayed second
data set may include first data representative of a differ-
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ence between two values of the intra-cardiac voltage
data sampled by the electrode during the first cardiac
cycle and second data representative of a difference
between two values of the intra-cardiac voltage data
sampled by the electrode during the second cardiac
cycle.

[0036] In some embodiments, the program may in-
clude activation instructions configured to cause a trans-
mission of energy sufficient for tissue ablation at least
during the sampling of the intra-cardiac voltage data by
the electrode during each of atleast the first cardiac cycle
and the second cardiac cycle. In some embodiments, the
concurrently displayed firstdata setmay include atleasta
portion of an intra-cardiac electrogram. In some embodi-
ments, the program may include identification instruc-
tions configured to identify a duration from a time from a
start of the tissue ablation to a time of a maximum voltage
peak in at least the portion of the intra-cardiac electro-
gram. The program may include tissue thickness deter-
mination instructions configured to determine a thickness
oftissue subject to the tissue ablation based atleast upon
a comparison of the identified duration with a predeter-
mined threshold. The program may include thickness
indication instructions configured to output a tissue-thick-
ness indication via the input-output device system indi-
cating a result of the determination of the thickness of the
tissue.

[0037] In some embodiments, the program may in-
clude identification instructions configured to identify a
duration from a time from a start of the tissue ablation to a
time of a maximum voltage peak in atleast a portion of the
second data set. The program may include tissue thick-
ness determination instructions configured to determine
a thickness of tissue subject to the tissue ablation based
at least upon a comparison of the identified duration with
a predetermined threshold. The program may include
thickness indication instructions configured to output a
tissue-thickness indication via the input-output device
system indicating a result of the determination of the
thickness of the tissue.

[0038] In some embodiments, the program may in-
clude identification instructions configured to identify a
curve-slope from a time of a maximum voltage peak in at
leasta portion of the second data setto a time indicating a
beginning of a pre-plateau transitional region in at least
the portion of the second data set. The program may
include tissue thickness determination instructions con-
figured to determine a thickness of tissue subject to the
tissue ablation based at least upon a comparison of the
identified curve-slope with a predetermined curve-slope.
The program may include thickness indication instruc-
tions configured to output a tissue-thickness indication
via the input-output device system indicating a result of
the determination of the thickness of the tissue.

[0039] In some embodiments, the display instructions
may be configured to cause the input-output device
system to concurrently display the second data set at
least by displaying (a) the data included in the second
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data setand derived atleastin part from the atleast some
ofthe intra-cardiac voltage data sampled by the electrode
during the second cardiac cycle sequentially after (b) the
data included in the second data set and derived at least
in part from the intra-cardiac voltage data sampled by the
electrode during the first time in the first cardiac cycle
while continuing to display (b) to cause both (a) and (b) to
be concurrently displayed. In some embodiments, the
display instructions may be configured to cause the input-
output device system to display an intra-cardiac electro-
gram concurrently with at least the concurrently dis-
played second data set, the intra-cardiac electrogram
derived from at least a portion of the intra-cardiac voltage
data sampled by the electrode, and the intra-cardiac
electrogram undergoing a biphasic to monophasic trans-
formation during the display of the concurrently displayed
second data set. In some embodiments, the display
instructions may be configured to cause the input-output
device system to display a monophasic intra-cardiac
electrogram concurrently with at least the concurrently
displayed second data set, the monophasic intra-cardiac
electrogram including a plurality of portions, each portion
of the monophasic intra-cardiac electrogram corre-
sponding to a respective particular cardiac event occur-
ring in a respective one of the plurality of cardiac cycles,
the particular cardiac events being a same cardiac event,
and amplitudes of the particular cardiac events, as re-
presented in the monophasic intra-cardiac electrogram
by the plurality of portions, decreasing over a span in-
cluding at least the first cardiac cycle and the second
cardiac cycle. Each portion of the monophasic intra-
cardiac electrogram may have a positive polarity in some
embodiments.

[0040] In some embodiments, the program may in-
clude cardiac event identification instructions configured
to identify a respective occurrence of a particular cardiac
event in each respective one of the plurality of cardiac
cycles. The program may include data identification in-
structions configured to identify, for each respective one
of the plurality of cardiac cycles, a particular portion of the
intra-cardiac voltage data sampled during the respective
one of the plurality of cardiac cycles, each particular
portion of the intra-cardiac voltage data sampled by
the electrode during the respective one of the plurality
of cardiac cycles including some but not all of the intra-
cardiac voltage data sampled by the electrode during the
respective one of the plurality of cardiac cycles, each
particular portion of the intra-cardiac voltage data identi-
fied in accordance with a predetermined temporal rela-
tionship with the occurrence of the particular cardiac
event identified in the respective one of the plurality of
cardiac cycles. The particular data may exclude at least
some of each identified particular portion of the intra-
cardiac voltage data sampled by the electrode during the
respective one of the first cardiac cycle and the second
cardiac cycle.

[0041] In some embodiments, the display instructions
may be configured to cause the input-output device
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system to concurrently display the concurrently dis-
played first data set and the concurrently displayed sec-
ond data set. In some embodiments, the display instruc-
tions may be configured to cause the input-output device
system to display the concurrently displayed first data set
and the concurrently displayed second data set in a
superimposed configuration.

[0042] In some embodiments, each of the plurality of
data sets may include a respective one of a plurality of
voltage magnitude sets. In some embodiments, each
respective one of the plurality of voltage magnitude sets
may be frequency-weighted.

[0043] Various systems may include combinations and
subsets of all the systems summarized above or other-
wise described herein.

[0044] In some embodiments, an intra-cardiac voltage
data display system may be summarized as including a
data processing device system, an input-output device
system communicatively connected to the data proces-
sing device system, and a memory device system com-
municatively connected to the data processing device
system and storing a program executable by the data
processing device system. The data processing device
system may be configured by the program at least to
receive intra-cardiac voltage data via the input-output
device system, the intra-cardiac voltage data sampled
by an electrode over a period of time including a plurality
of cardiac cycles that include at least a first cardiac cycle
and a second cardiac cycle other than the first cardiac
cycle, the second cardiac cycle occurring after the first
cardiac cycle. The data processing device system may
be configured by the program at least to cause the input-
output device system to display a plurality of data sets
including a concurrently displayed first data set and a
concurrently displayed second data set. The data pro-
cessing device system may be configured by the pro-
gram atleastto derive the firstdata set atleastin part from
the intra-cardiac voltage data sampled by the electrode
during a first time in the first cardiac cycle, and from the
intra-cardiac voltage data sampled by the electrode dur-
ing a second time in the first cardiac cycle, the second
time occurring after the first time. The data processing
device system may be configured by the program at least
to derive the second data set only from particular data,
the particular data excluding at least some of the intra-
cardiac voltage data sampled by the electrode during the
second time in the first cardiac cycle, and the particular
data including at least some of the intra-cardiac voltage
data sampled by the electrode during the first time in the
first cardiac cycle and at least some of the intra-cardiac
voltage data sampled by the electrode during the second
cardiac cycle.

[0045] Insome embodiments, an intra-cardiac voltage
data display method is executed by a data processing
device system according to a program stored by a mem-
ory device system communicatively connected to the
data processing device system, the data processing
device system further communicatively connected to



19 EP 4 574 044 A2 20

an input-output device system. The method may include
receiving intra-cardiac voltage data via the input-output
device system, the intra-cardiac voltage data sampled by
an electrode over a period of time including a plurality of
cardiac cycles that include at least a first cardiac cycle
and a second cardiac cycle other than the first cardiac
cycle, the second cardiac cycle occurring after the first
cardiac cycle. The method may include causing the input-
output device system to display a plurality of data sets
including a concurrently displayed first data set and a
concurrently displayed second data set. The method may
include deriving the first data set at least in part from the
intra-cardiac voltage data sampled by the electrode dur-
ing afirsttime in the first cardiac cycle, and from the intra-
cardiac voltage data sampled by the electrode during a
second time in the first cardiac cycle, the second time
occurring after the first time. The method may include
deriving the second data set only from particular data, the
particular data excluding at least some of the intra-car-
diac voltage data sampled by the electrode during the
second time in the first cardiac cycle, and the particular
data including at least some of the intra-cardiac voltage
data sampled by the electrode during the first time in the
first cardiac cycle and at least some of the intra-cardiac
voltage data sampled by the electrode during the second
cardiac cycle.

[0046] In some embodiments, a computer-readable
storage medium system may be summarized as includ-
ing one or more computer-readable storage mediums
storing a program executable by one or more data pro-
cessing devices of a data processing device system
communicatively connected to an input-output device
system. The program may include a data reception mod-
ule configured to cause reception of intra-cardiac voltage
data via the input-output device system, the intra-cardiac
voltage data sampled by an electrode over a period of
time including a plurality of cardiac cycles that include at
least a first cardiac cycle and a second cardiac cycle
otherthan thefirst cardiac cycle, the second cardiac cycle
occurring after the first cardiac cycle. The program may
include a display module configured to cause the input-
output device system to display a plurality of data sets
including a concurrently displayed first data set and a
concurrently displayed second data set. The program
may include a data derivation module configured to de-
rive the first data set at least in part from the intra-cardiac
voltage data sampled by the electrode during a first time
in the first cardiac cycle, and from the intra-cardiac vol-
tage data sampled by the electrode during a second time
in the first cardiac cycle, the second time occurring after
the first time. The data derivation module may be con-
figured to derive the second data set only from particular
data, the particular data excluding at least some of the
intra-cardiac voltage data sampled by the electrode dur-
ing the second time in the first cardiac cycle, and the
particular data including atleast some of the intra-cardiac
voltage data sampled by the electrode during the first
time in the first cardiac cycle and at least some of the
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intra-cardiac voltage data sampled by the electrode dur-
ing the second cardiac cycle.

[0047] Insome embodiments, an intra-cardiac voltage
data display system may be summarized as including a
data processing device system, an input-output device
system communicatively connected to the data proces-
sing device system, and a memory device system com-
municatively connected to the data processing device
system and storing a program executable by the data
processing device system. The program may include
data reception instructions configured to cause reception
of intra-cardiac voltage data via the input-output device
system, the intra-cardiac voltage data sampled by an
electrode over a period of time that includes a plurality
of cardiac cycles. The program may include data deriva-
tion instructions configured to derive at least a first gra-
phical distribution of data derived at least in part from a
first portion of the received intra-cardiac voltage data and
a second graphical distribution of data derived at least in
part from a second portion of the received intra-cardiac
voltage data. The program may include display instruc-
tions configured to cause the input-output device system
to concurrently display at least the first graphical distribu-
tion of data and the second graphical distribution of data,
the displayed first graphical distribution including first
data displayed across a first time scale and the displayed
second graphical distribution including second data dis-
played across a second time scale having a different
scale than the first time scale, the displayed first and
second displayed graphical distributions concurrently
displayed in a superimposed configuration.

[0048] In some embodiments, the data derivation in-
structions may be configured to derive the second gra-
phical distribution of data only from particular data, the
particular data excluding, for each respective one of at
least three of the plurality of cardiac cycles, a respective
particular part of the intra-cardiac voltage data sampled
by the electrode during the respective one of the at least
three of the plurality of cardiac cycles, each respective
particular part including some but not all of the intra-
cardiac voltage data sampled by the electrode during
the respective one of the at least three of the plurality of
cardiac cycles, and wherein the data derivation instruc-
tions are configured to derive the first graphical distribu-
tion of data from data that includes each of the respective
particular parts.

[0049] In some embodiments, the program may in-
clude cardiac event identification instructions configured
to identify a respective occurrence of a particular cardiac
event in each respective one of the at least three of the
plurality of cardiac cycles. The data identification instruc-
tions may be configured to identify, for each respective
one of the at least three of the plurality of cardiac cycles, a
particular portion of the intra-cardiac voltage data
sampled during the respective one of the at least three
ofthe plurality of cardiac cycles, each particular portion of
the intra-cardiac voltage data sampled by the electrode
during the respective one of the at least three of the
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plurality of cardiac cycles including some but not all of the
intra-cardiac voltage data sampled by the electrode dur-
ing the respective one of the at least three of the plurality
of cardiac cycles, each particular portion of the intra-
cardiac voltage data identified in accordance with a pre-
determined temporal relationship with the occurrence of
the particular cardiac event identified in the respective
one of the at least three of the plurality of cardiac cycles.
The particular data may exclude at least some of each
identified particular portion of the intra-cardiac voltage
data sampled by the electrode during the respective one
of the at least three of the plurality of cardiac cycles. In
some embodiments, the data derivation instructions may
be configured to derive the first graphical distribution of
data from the respective particular portions.

[0050] In some embodiments, the displayed first gra-
phical distribution may include a first group of voltage
magnitudes displayed across the first time scale, and the
displayed second graphical distribution may include a
second group of voltage magnitudes displayed across
the second time scale. In some embodiments, (a) the first
group of voltage magnitudes (b) the second group of
voltage magnitudes, or each of (a) and (b) is fre-
quency-weighted.

[0051] Various systems may include combinations and
subsets of all the systems summarized above or other-
wise described herein.

[0052] Insome embodiments, an intra-cardiac voltage
data display system may be summarized as including a
data processing device system, an input-output device
system communicatively connected to the data proces-
sing device system, and a memory device system com-
municatively connected to the data processing device
system and storing a program executable by the data
processing device system. The data processing device
system may be configured by the program at least to
receive intra-cardiac voltage data via the input-output
device system, the intra-cardiac voltage data sampled
by an electrode over a period of time that includes a
plurality of cardiac cycles. The data processing device
system may be configured by the program at least to
derive at least a first graphical distribution of data derived
at least in part from a first portion of the received intra-
cardiac voltage data and a second graphical distribution
of dataderived atleastin partfrom a second portion of the
received intra-cardiac voltage data. The data processing
device system may be configured by the program at least
to cause the input-output device system to concurrently
display at least the first graphical distribution of data and
the second graphical distribution of data, the displayed
first graphical distribution including first data displayed
across a first time scale and the displayed second gra-
phical distribution including second data displayed
across a second time scale having a different scale than
the first time scale, the displayed first and second dis-
played graphical distributions concurrently displayedin a
superimposed configuration.

[0053] Insome embodiments, an intra-cardiac voltage
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data display method is executed by a data processing
device system according to a program stored by a mem-
ory device system communicatively connected to the
data processing device system, the data processing
device system further communicatively connected to
an input-output device system. The method may include
receiving intra-cardiac voltage data via the input-output
device system, the intra-cardiac voltage data sampled by
an electrode over a period of time that includes a plurality
of cardiac cycles. The method may include deriving at
leastafirstgraphical distribution of data derived atleastin
part from a first portion of the received intra-cardiac
voltage data and a second graphical distribution of data
derived at least in part from a second portion of the
received intra-cardiac voltage data. The method may
include causing the input-output device system to con-
currently display at least the first graphical distribution of
data and the second graphical distribution of data, the
displayed first graphical distribution including first data
displayed across a first time scale and the displayed
second graphical distribution including second data dis-
played across a second time scale having a different
scale than the first time scale, the displayed first and
second displayed graphical distributions concurrently
displayed in a superimposed configuration.

[0054] In some embodiments, a computer-readable
storage medium system may be summarized as includ-
ing one or more computer-readable storage mediums
storing a program executable by one or more data pro-
cessing devices of a data processing device system
communicatively connected to an input-output device
system. The program may include a data reception mod-
ule configured to cause reception of intra-cardiac voltage
data via the input-output device system, the intra-cardiac
voltage data sampled by an electrode over a period of
time that includes a plurality of cardiac cycles. The pro-
gram may include a data derivation module configured to
derive atleast a first graphical distribution of data derived
at least in part from a first portion of the received intra-
cardiac voltage data and a second graphical distribution
of data derived atleastin part from a second portion of the
received intra-cardiac voltage data. The program may
include a display module configured to cause the input-
output device system to concurrently display at least the
first graphical distribution of data and the second graphi-
cal distribution of data, the displayed first graphical dis-
tribution including first data displayed across a first time
scale and the displayed second graphical distribution
including second data displayed across a second time
scale having a different scale than the first time scale, the
displayed first and second displayed graphical distribu-
tions concurrently displayed in a superimposed config-
uration.

[0055] Insome embodiments, an intra-cardiac voltage
data display system may be summarized as including a
data processing device system, an input-output device
system communicatively connected to the data proces-
sing device system, and a memory device system com-



23

municatively connected to the data processing device
system and storing a program executable by the data
processing device system. The program may include
data reception instructions configured to cause reception
of intra-cardiac voltage data via the input-output device
system, the intra-cardiac voltage data sampled by a
sensing electrode over a period of time that includes a
plurality of cardiac cycles. The program may include
activation instructions configured to cause an ablation
electrode to transmit energy sufficient for tissue ablation
at least during the sampling of the intra-cardiac voltage
data by the sensing electrode. The program may include
data derivation instructions configured to derive atleasta
plurality of voltage values, each of the plurality of voltage
values derived at leastin part from a respective portion of
the received intra-cardiac voltage data, each of the plur-
ality of voltage values correlated with a respective time
within a time range during which the respective portion of
the of the received intra-cardiac voltage data was
sampled by the sensing electrode. The program may
include identification instructions configured to identify
aduration from a time of a start of the tissue ablation to the
respective time correlated with a particular one of the
respective voltage values, the particular one of the re-
spective voltage values being a maximum value as com-
pared with others of the plurality of voltage values. The
program may include tissue thickness determination in-
structions configured to determine a thickness of tissue
subject to the tissue ablation based at least upon a
comparison of the identified duration with a predeter-
mined threshold. The program may include thickness
indication instructions configured to output a tissue-thick-
ness indication via the input-output device system indi-
cating a result of the determination of the thickness of the
tissue.

[0056] In some embodiments, each respective portion
of the received intra-cardiac voltage data includes intra-
cardiac voltage data sampled by the sensing electrode
during a respective one of the plurality of cardiac cycles,
but does not include any intra-cardiac voltage data
sampled by the sensing electrode during any of the
plurality of cardiac cycles other than the respective one
of the plurality of cardiac cycles, and wherein each re-
spective portion from which a respective one of at least
three of the plurality of voltage values is derived repre-
sents some, but not all, of the intra-cardiac voltage data
sampled by the sensing electrode during the respective
one of the plurality of cardiac cycles. In some embodi-
ments, the respective portions from which the at least
three of the plurality of voltage values are derived from an
interrupted sequence of the sampled intra-cardiac vol-
tage data in which each succeeding one of the respective
portions from which the at least three of the plurality of
voltage values are derived is separated from an imme-
diately preceding one of the respective portions from
which the at least three of the plurality of voltage values
are derived by respective portion of the sampled intra-
cardiac data which does not form part of any of the
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respective portions from which the at least three of the
plurality of voltage values is derived from. In some em-
bodiments, the program may include cardiac event iden-
tification instructions configured to identify a respective
occurrence of a particular cardiac event in each respec-
tive one of the at least three of the plurality of cardiac
cycles, and each respective portion from which a respec-
tive one of atleast three of the plurality of voltage values is
derived is determined in accordance with a predeter-
mined temporal relationship with the occurrence of the
particular cardiac event identified in the respective one of
the at least three of the plurality of cardiac cycles.
[0057] In some embodiments, the program may in-
clude display instructions configured to display, via the
input-output device system, the plurality of voltage va-
lues. In some embodiments, the program may include
display instructions configured to display, via the input-
output device system, a distribution of the plurality of
voltage values across a time scale. In some embodi-
ments, the display instructions are configured to display,
via the input-output device system, an intra-cardiac elec-
trogram derived from the intra-cardiac voltage data
sampled by the sensing electrode, the displayed intra-
cardiac electrogram concurrently displayed with at least
part of the distribution according to the display instruc-
tions and including a visual characteristic set visually
distinct from a visual characteristic set comprised by
the displayed at least part of the distribution.

[0058] In some embodiments, the program may in-
clude display instructions configured to display the plur-
ality of voltage values as an intra-cardiac electrogram. In
some embodiments, the ablation electrode is provided by
the sensing electrode.

[0059] Various systems may include combinations and
subsets of all the systems summarized above or other-
wise described herein.

[0060] Insome embodiments, an intra-cardiac voltage
data display system may be summarized as including a
data processing device system, an input-output device
system communicatively connected to the data proces-
sing device system, and a memory device system com-
municatively connected to the data processing device
system and storing a program executable by the data
processing device system. The data processing device
system may be configured by the program at least to
receive intra-cardiac voltage data via the input-output
device system, the intra-cardiac voltage data sampled
by a sensing electrode over a period of time that includes
a plurality of cardiac cycles. The data processing device
system may be configured by the program at least to
cause an ablation electrode to transmit energy sufficient
fortissue ablation atleast during the sampling of the intra-
cardiac voltage data by the sensing electrode. The data
processing device system may be configured by the
program at least to derive at least a plurality of voltage
values, each of the plurality of voltage values derived at
least in part from a respective portion of the received
intra-cardiac voltage data, each of the plurality of voltage
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values correlated with a respective time within a time
range during which the respective portion of the of the
received intra-cardiac voltage data was sampled by the
sensing electrode. The data processing device system
may be configured by the program at least to identify a
duration from a time of a start of the tissue ablation to the
respective time correlated with a particular one of the
respective voltage values, the particular one of the re-
spective voltage values being a maximum value as com-
pared with others of the plurality of voltage values. The
data processing device system may be configured by the
program at least to determine a thickness of tissue sub-
ject to the tissue ablation based at least upon a compar-
ison of the identified duration with a predetermined
threshold. The data processing device system may be
configured by the program at least to output a tissue-
thickness indication via the input-output device system
indicating a result of the determination of the thickness of
the tissue.

[0061] Insome embodiments, an intra-cardiac voltage
data display method is executed by a data processing
device system according to a program stored by a mem-
ory device system communicatively connected to the
data processing device system, the data processing
device system further communicatively connected to
an input-output device system. The method may include
receiving intra-cardiac voltage data via the input-output
device system, the intra-cardiac voltage data sampled by
a sensing electrode over a period of time that includes a
plurality of cardiac cycles. The method may include caus-
ing an ablation electrode to transmit energy sufficient for
tissue ablation at least during the sampling of the intra-
cardiac voltage data by the sensing electrode. The meth-
od may include deriving at least a plurality of voltage
values, each of the plurality of voltage values derived at
least in part from a respective portion of the received
intra-cardiac voltage data, each of the plurality of voltage
values correlated with a respective time within a time
range during which the respective portion of the of the
received intra-cardiac voltage data was sampled by the
sensing electrode. The method may include identifying a
duration from a time of a start of the tissue ablation to the
respective time correlated with a particular one of the
respective voltage values, the particular one of the re-
spective voltage values being a maximum value as com-
pared with others of the plurality of voltage values. The
method may include determining a thickness of tissue
subject to the tissue ablation based at least upon a
comparison of the identified duration with a predeter-
mined threshold. The method may include outputting a
tissue-thickness indication via the input-output device
system indicating a result of the determination of the
thickness of the tissue.

[0062] In some embodiments, a computer-readable
storage medium system may be summarized as includ-
ing one or more computer-readable storage mediums
storing a program executable by one or more data pro-
cessing devices of a data processing device system
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communicatively connected to an input-output device
system. The program may include a data reception mod-
ule configured to cause reception of intra-cardiac voltage
data via the input-output device system, the intra-cardiac
voltage data sampled by a sensing electrode over a
period of time that includes a plurality of cardiac cycles.
The program may include an activation module config-
ured to cause an ablation electrode to transmit energy
sufficient for tissue ablation at least during the sampling
ofthe intra-cardiac voltage data by the sensing electrode.
The program may include a data derivation module con-
figured to derive atleast a plurality of voltage values, each
of the plurality of voltage values derived at least in part
from a respective portion of the received intra-cardiac
voltage data, each of the plurality of voltage values
correlated with a respective time within a time range
during which the respective portion of the of the received
intra-cardiac voltage data was sampled by the sensing
electrode. The program may include an identification
module configured to identify a duration from a time of
a start of the tissue ablation to the respective time corre-
lated with a particular one of the respective voltage
values, the particular one of the respective voltage values
being a maximum value as compared with others of the
plurality of voltage values. The program may include a
tissue thickness determination module configured to de-
termine a thickness of tissue subject to the tissue ablation
based at least upon a comparison of the identified dura-
tion with a predetermined threshold. The program may
include a thickness indication module configured to out-
put a tissue-thickness indication via the input-output
device system indicating a result of the determination
of the thickness of the tissue.

[0063] Any of the features of any of the methods dis-
cussed herein may be combined with any of the other
features of any of the methods discussed herein. In
addition, a computer program product may be provided
that comprises program code portions for performing
some or all of any of the methods and associated features
thereof described herein, when the computer program
product is executed by a computer or other computing
device or device system. Such a computer program
product may be stored on one or more computer-read-
able storage mediums.

[0064] In some embodiments, each of any or all of the
computer-readable storage mediums or medium sys-
tems described herein is a non-transitory computer-read-
able storage medium or medium system including one or
more non-transitory computer-readable storage med-
iums storing the respective program(s).

[0065] Further, any or all of the methods and asso-
ciated features thereof discussed herein may be imple-
mented by all or part of a device system or apparatus,
such as any of those described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0066] Itistobe understood thatthe attached drawings
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are for purposes of illustrating aspects of various embo-
diments and may include elements that are not to scale.

Figure 5F includes a two-dimensional graphical re-
presentation of the transducer-based device illu-

Figure 1 includes a schematic representation of an

strated in Figures 5A and 5B in accordance with
various example embodiments.

intra-cardiac voltage display system according to 5 Figure 5G includes an addition of various intra-car-
various example embodiments, the intra-cardiac vol- diacinformation among the graphical representation
tage display system including a data processing of the transducer-based device illustrated in Figure
device system, an input-output device system, and 5E in accordance with various example embodi-
a memory device system. ments.
Figure 2 includes a cutaway diagram of a heart 170 Figure 5H includes an addition of various intra-car-
showing a structure of a transducer-based device diacinformation among the graphical representation
percutaneously placed in a left atrium of the heart of the transducer-based device illustrated in Figure
according to various example embodiments. 5E, the intra-cardiac information representative of
Figure 3A includes a partially schematic representa- sampled intra-cardiac electrical data in accordance
tion of a medical system according to various exam- 15 with various example embodiments.
ple embodiments, the medical system representing Figures 51, 5J, and 5K include an addition of various
at least a particular implementation of the intra-car- intra-cardiac information among the graphical repre-
diac voltage display system of Figure 1, and the sentation of the transducer-based device illustrated
medical system including a structure of a transdu- in Figure 5E, the intra-cardiac information changing
cer-based device shown inadelivery orunexpanded 20 across three successive times represented by Fig-
configuration, according to some embodiments. ures 51, 54, and 5K, respectively, in accordance with
Figure 3B includes a different viewing direction of the various example embodiments.
structure of the transducer-based device of Figure Figure 5L includes a two-dimensional representation
3A, according to some embodiments. of a graphical path provided by a graphical interface,
Figure 3C includes a representation of the structure 25 the graphical path including a selection of various
of the transducer-based device of Figures 3A and 3B graphical elements according to various example
in a deployed or expanded configuration, according embodiments.
to some embodiments. Figure 5M includes a three-dimensional representa-
Figure 3D includes a different viewing direction of the tion of a graphical path provided by a graphical inter-
structure of the transducer-based device of Figure 30 face, the graphical path including a selection of
3C, according to some embodiments. various graphical elements according to various ex-
Figure 4 includes a schematic representation of a ample embodiments.
transducer-based device that includes a flexible cir- Figures 6A-6F include respective data generation
cuit structure according to various example embodi- and flow diagrams, which may implement various
ments. 35 embodiments of a method by way of associated
Figure 5Aincludes a graphical interface according to computer-executable instructions, according to
various example embodiments, the graphical inter- some example embodiments.
face including a graphical representation of at least a Figure 7A includes a view of an intra-cardiac elec-
portion of a transducer-based device including a trogram spanning a period of time that commences
plurality of transducer graphical elements. 40 after a start of a tissue ablation procedure according
Figure 5B includes the graphical interface of Figure to some embodiments.
5A, but shows a different viewing direction of the Figures 7B, 7C, and 7D include portions of the intra-
transducer-based device as compared to Figure 5A cardiac electrogram of Figure 7A at three successive
in accordance with various example embodiments. times during the period of time displayed according
Figure 5C includes the graphical representation pro- 45 to some embodiments.
vided by the graphical interface of Figure 5A with the Figure 7E includes a low pass filtered version of the
addition of various between graphical elements po- intra-cardiac electrogram of Figure 7A displayed
sitioned between various ones of transducer graphi- according to some embodiments.
cal elements in accordance with various example Figure 7F includes a graph of a distribution of a
embodiments. 50 plurality of data sets, each of the data sets derived
Figure 5D includes the graphical interface of Figure from intra-cardiac voltage data sampled during a
5C, but shows a different viewing direction of the respective one of a plurality of cardiac cycles, the
transducer-based device as compared to Figure 5C intra-cardiac voltage data employed to derive the
in accordance with various example embodiments. intra-cardiac electrogram of Figure 7E according
55

Figure 5E includes a two-dimensional graphical re-
presentation of the transducer-based device illu-
strated in Figures 5C and 5D in accordance with
various example embodiments.
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to some embodiments.

Figures 8A, 8B, and 8C show changes in a displayed
graphical representation at three successive times,
the graphical representation including a concurrently
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displayed first data set and a concurrently displayed
second data set according to some embodiments.
Figures 8D, 8E, and 8F show changes in a displayed
graphical representation at three successive times,
the graphical representation including a concurrently
displayed first data set and a concurrently displayed
second data set according to some embodiments.
Figures 9A, 9B, and 9C include portions of an intra-
cardiac electrogram atthree successive times during
the period of time displayed respectively in Figures
8A-8C according to some embodiments.

Figure 9D includes a first concurrently displayed
data set and a second concurrently displayed data
set according to some embodiments.

Figures 10A and 10B provide in-vivo data, according
to some embodiments.

DETAILED DESCRIPTION

[0067] In the following description, certain specific de-
tails are set forth in order to provide a thorough under-
standing of various embodiments of the invention. How-
ever, one skilled in the art will understand that the inven-
tion may be practiced at a more general level without
these details. In other instances, well-known structures
have not been shown or described in detail to avoid
unnecessarily obscuring descriptions of various embodi-
ments of the invention.

[0068] Any reference throughout this specification to
"one embodiment" or "an embodiment" or "an example
embodiment" or "an illustrated embodiment” or "a parti-
cular embodiment" and the like means that a particular
feature, structure or characteristic described in connec-
tion with the embodiment is included in at least one
embodiment. Thus, any appearance of the phrase "in
one embodiment" or "in an embodiment" or "in an ex-
ample embodiment" or "in this illustrated embodiment" or
"in this particular embodiment" or the like in this specifi-
cation is not necessarily all referring to one embodiment
or a same embodiment. Furthermore, the particular fea-
tures, structures or characteristics of different embodi-
ments may be combined in any suitable manner to form
one or more other embodiments.

[0069] Itis noted that, unless otherwise explicitly noted
or required by context, the word "or" is used in this
disclosure in a non-exclusive sense. In addition, unless
otherwise explicitly noted or required by context, the word
"set" is intended to mean one or more, and the word
"subset" is intended to mean a set having the same or
fewer elements of those present in the subset’s parent or
superset.

[0070] Further, the phrase "at least" is used herein at
times to emphasize the possibility that other elements
can exist besides those explicitly listed. However, unless
otherwise explicitly noted (such as by the use of the term
"only") or required by context, non-usage herein of the
phrase "at least" does not exclude the possibility that
other elements can exist besides those explicitly listed.
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For example, the phrase, "activation of at least transdu-
cer A"includes activation of transducer A by itself, as well
as activation of transducer A and activation of one or
more other additional elements besides transducer A. In
the same manner, the phrase, "activation of transducer
A" includes activation of transducer A by itself, as well as
activation of transducer A and activation of one or more
other additional elements besides transducer A. How-
ever, the phrase, "activation of only transducer A" in-
cludes only activation of transducer A, and excludes
activation of any other transducers besides transducer A.
[0071] The word "ablation" as used in this disclosure
should be understood to include any disruption to certain
properties of tissue. Most commonly, the disruption is to
the electrical conductivity and is achieved by transferring
thermal energy, which can be generated with resistive or
radio-frequency (RF) techniques for example. Other
properties, such as mechanical or chemical, and other
means of disruption, such as optical, are included when
the term "ablation" is used.

[0072] The word "fluid" as used in this disclosure
should be understood to include any fluid that can be
contained within a bodily cavity or can flow into or out of,
or both into and out of a bodily cavity via one or more
bodily openings positioned in fluid communication with
the bodily cavity. In the case of cardiac applications, fluid
such as blood will flow into and out of various intra-
cardiac cavities (e.g., a left atrium or right atrium).
[0073] The words "bodily opening" as used in this
disclosure should be understood to include a naturally
occurring bodily opening or channel or lumen; a bodily
opening or channel or lumen formed by an instrument or
tool using techniques that can include, but are not limited
to, mechanical, thermal, electrical, chemical, and expo-
sure orillumination techniques; a bodily opening or chan-
nel or lumen formed by trauma to a body; or various
combinations of one or more of the above. Various ele-
ments having respective openings, lumens or channels
and positioned within the bodily opening (e.g., a catheter
sheath) may be present in various embodiments. These
elements may provide a passageway through a bodily
opening for various devices employed in various embo-
diments.

[0074] The words "bodily cavity" as used in this dis-
closure should be understood to mean a cavity in a body.
The bodily cavity may be a cavity or chamber provided in
a bodily organ (e.g., an intra-cardiac cavity of a heart).
[0075] The word "tissue" as used in some embodi-
ments in this disclosure should be understood to include
any surface-forming tissue that is used to form a surface
ofabody or a surface within a bodily cavity, a surface ofan
anatomical feature or a surface of a feature associated
with a bodily opening positioned in fluid communication
with the bodily cavity. The tissue caninclude partorall ofa
tissue wall or membrane that defines a surface of the
bodily cavity. In this regard, the tissue can form an interior
surface of the cavity that surrounds a fluid within the
cavity. In the case of cardiac applications, tissue can
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include tissue used to form an interior surface of an intra-
cardiac cavity such as aleftatrium orrightatrium. In some
embodiments, the word tissue can refer to a tissue having
fluidic properties (e.g., blood) and may be referred to as
fluidic tissue.

[0076] The term"transducer" as used in this disclosure
should be interpreted broadly as any device capable of
distinguishing between fluid and tissue, sensing tem-
perature, creating heat, ablating tissue, sensing, sam-
pling or measuring electrical activity of a tissue surface
(e.g., sensing, sampling or measuring intra-cardiac elec-
trograms, or sensing, sampling or measuring intra-car-
diac voltage data), stimulating tissue, or any combination
thereof. A transducer can convert input energy of one
form into output energy of another form. Without limita-
tion, atransducer can include an electrode that functions
as, or as part of, a sensing device included in the trans-
ducer, an energy delivery device included in the transdu-
cer, or both a sensing device and an energy delivery
device included in the transducer. A transducer may be
constructed from several parts, which may be discrete
components or may be integrally formed. In this regard,
although transducers, electrodes, or both transducers
and electrodes are referenced with respect to various
embodiments, it is understood that other transducers or
transducer elements may be employed in other embodi-
ments. It is understood that a reference to a particular
transducer in various embodiments may also imply a
reference to an electrode, as an electrode may be part
of the transducer as shown, e.g., with Figure 4 discussed
below.

[0077] The term "activation" as used in this disclosure
should be interpreted broadly as making active a parti-
cular function as related to various transducers disclosed
in this disclosure. Particular functions may include, but
are not limited to, tissue ablation, sensing, sampling or
measuring electrophysiological activity (e.g., sensing,
sampling or measuring intra-cardiac electrogram infor-
mation or sensing, sampling or measuring intra-cardiac
voltage data), sensing, sampling or measuring tempera-
ture and sensing, sampling or measuring electrical char-
acteristics (e.g., tissue impedance or tissue conductivity).
Forexample, in some embodiments, activation of atissue
ablation function of a particular transducer is initiated by
causing energy sufficient for tissue ablation from an
energy source device system to be delivered to the
particular transducer. Alternatively, in this example, the
activation can be deemed to be initiated when the parti-
cular transducer causes a temperature sufficient for the
tissue ablation due to the energy provided by the energy
source device system. Also in this example, the activation
can last for a duration of time concluding when the abla-
tion function is no longer active, such as when energy
sufficient for the tissue ablation is no longer provided to
the particular transducer. Alternatively, in this example,
the activation period can be deemed to be concluded
when the temperature caused by the particular transdu-
cer is below the temperature sufficient for the tissue
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ablation. In some contexts, however, the word "activa-
tion" can merely refer to the initiation of the activating of a
particular function, as opposed to referring to both the
initiation of the activating of the particular function and the
subsequent duration in which the particular function is
active. Inthese contexts, the phrase or a phrase similar to
"activation initiation" may be used.

[0078] The term "program"in this disclosure should be
interpreted as a set of instructions or modules that can be
executed by one or more components in a system, such a
controller system or data processing device system, in
order to cause the system to perform one or more opera-
tions. The set of instructions or modules can be stored by
any kind of memory device, such as those described
subsequently with respect to the memory device system
130 or 330 shown in Figures 1 and 3, respectively. In
addition, this disclosure sometimes describes that the
instructions or modules of a program are configured to
cause the performance of a function. The phrase "con-
figured to" in this contextis intended to include atleast (a)
instructions or modules that are presently in a form ex-
ecutable by one or more data processing devices to
cause performance of the function (e.g., in the case
where the instructions or modules are in a compiled
and unencrypted form ready for execution), and (b) in-
structions or modules that are presently in a form not
executable by the one or more data processing devices,
but could be translated into the form executable by the
one or more data processing devices to cause perfor-
mance of the function (e.g., in the case where the in-
structions or modules are encrypted in a non-executable
manner, but through performance of a decryption pro-
cess, would be translated into a form ready for execu-
tion). The word "module" can be defined as a set of
instructions. In some instances, this disclosure describes
that the instructions or modules of a program perform a
function. Such descriptions should be deemed to be
equivalent to describing that the instructions or modules
are configured to cause the performance of the function.
[0079] Each of the phrases "derived from" or "deriva-
tion of" or "derivation thereof" or the like is intended to
mean to come from at least some part of a source, be
created from at least some part of a source, or be devel-
oped as aresultof aprocess in which atleast some part of
a source forms an input. For example, a data set derived
from some particular portion of data may include at least
some part of the particular portion of data, or may be
created from at least part of the particular portion of data,
or may be developed in response to a data manipulation
process in which at least part of the particular portion of
data forms an input. In some embodiments, a data set
may be derived from a subset of the particular portion of
data. In some embodiments, the particular portion of data
is analyzed to identify a particular subset of the particular
portion of data, and a data set is derived from the subset.
In various ones of these embodiments, the subset may
include some, but not all, of the particular portion of data.
In some embodiments, changes in least one part of a
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particular portion of data may result in changes in a data
set derived at least in part from the particular portion of
data.

[0080] In this regard, each of the phrases "derived
from" or "derivation of" or "derivation thereof" or the like
is used herein at times merely to emphasize the possi-
bility that such data or information may be modified or
subject to one or more operations. For example, if a
device generates first data for display, the process of
converting the generated first data into a format capable
of being displayed may alter the first data. This altered
form of the first data may be considered a derivative or
derivation of the first data. For instance, the first data may
be a one-dimensional array of numbers, but the display of
the first data may be a color-coded bar chart representing
the numbers in the array. For another example, if the
above-mentioned first data is transmitted over a network,
the process of converting the first data into a format
acceptable for network transmission or understanding
by a receiving device may alter the first data. As before,
this altered form of the first data may be considered a
derivative or derivation of the first data. For yet another
example, generated first data may undergo a mathema-
tical operation, a scaling, or a combining with other data
to generate other data that may be considered derived
fromthe firstdata. Inthisregard, itcan be seen thatdatais
commonly changing in form or being combined with other
data throughout its movement through one or more data
processing device systems, and any reference to infor-
mation or data hereinis intended toinclude these and like
changes, regardless of whether or not the phrase "de-
rived from" or "derivation of" or "derivation thereof" or the
like is used in reference to the information or data. As
indicated above, usage of the phrase "derived from" or
"derivation of" or "derivation thereof" or the like merely
emphasizes the possibility of such changes. Accordingly,
the addition of or deletion of the phrase "derived from" or
"derivation of" or "derivation thereof" or the like should
have no impact on the interpretation of the respective
data or information. For example, the above-discussed
color-coded bar chart may be considered a derivative of
the respective first data or may be considered the re-
spective first data itself.

[0081] The word "device" and the phrase "device sys-
tem" both are intended to include one or more physical
devices or sub-devices (e.g., pieces of equipment) that
interact to perform one or more functions, regardless of
whether such devices or sub-devices are located within a
same housing or different housings. In this regard, for
example, this disclosure sometimes refers to a "catheter
device", but such catheter device could equivalently be
referred to as a "catheter device system". The word
"device" may equivalently be referred to as a "device
system".

[0082] Insome contexts, the term "adjacent" is used in
this disclosure to refer to objects that do not have another
substantially similar object between them. For example,
object A and object B could be considered adjacent if they
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contact each other (and, thus, it could be considered that
no other object is between them), or if they do not contact
each other, but no other object that is substantially similar
to object A, object B, or both objects A and B, depending
on context, is between them.

[0083] Further, the phrase "in response to" may be is
used in this disclosure. For example, this phrase might be
used in the following context, where an event A occurs in
response to the occurrence of an event B. In this regard,
such phrase can include, for example, that at least the
occurrence of the event B causes or triggers the event A.
[0084] Further, the phrase "graphical representation”
used herein is intended to include a visual representation
presented via a display device and may include compu-
ter-generated text, graphics, animations, or one or more
combinations thereof, which may include one or more
visual representations originally generated, at least in
part, by an image-capture device, such as fluoroscopy
images, CT scan images, MRI images, etc.

[0085] Further still, example methods are described
herein with respect to Figures 6. Such figures are de-
scribed to include blocks associated with computer-ex-
ecutable instructions. It should be noted that the respec-
tive instructions associated with any such blocks herein
need not be separate instructions and may be combined
with other instructions to form a combined instruction set.
The same set of instructions may be associated with
more than one block. In this regard, the block arrange-
ment shown in each of the method figures herein is not
limited to an actual structure of any program or set of
instructions or required ordering of method tasks, and
such method figures, according to some embodiments,
merely illustrate the tasks that instructions are configured
to perform, for example upon execution by a data pro-
cessing device system in conjunction with interactions
with one or more other devices or device systems.
[0086] Figure 1 schematically illustrates an intra-car-
diac voltage display system 100 that may be employed to
at least select, control, activate, or monitor a function or
activation of one or more transducers, according to some
embodiments. The system 100 includes a data proces-
sing device system 110, an input-output device system
120, and a processor-accessible memory device system
130. The processor-accessible memory device system
130 and the input-output device system 120 are commu-
nicatively connected to the data processing device sys-
tem 110.

[0087] The data processing device system 110 in-
cludes one or more data processing devices that imple-
ment or execute, in conjunction with other devices, such
as those in the system 100, the methods of various
embodiments, including the example methods of Figures
6 described herein. Each of the phrases "data processing
device", "dataprocessor", "processor", and "computer" is
intendedtoinclude any data processing device, suchas a
central processing unit (CPU), a desktop computer, a
laptop computer, a mainframe computer, a tablet com-
puter, a personal digital assistant, a cellular phone, and
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any other device for processing data, managing data, or
handling data, whetherimplemented with electrical, mag-
netic, optical, biological components, or otherwise.
[0088] The memory device system 130 includes one or
more processor-accessible memory devices configured
to store information, including the information needed to
execute the methods of various embodiments, including
the example methods of Figures 6 described herein. The
memory device system 130 may be a distributed proces-
sor-accessible memory device system including multiple
processor-accessible memory devices communicatively
connected to the data processing device system 110 viaa
plurality of computers and/or devices. On the other hand,
the memory device system 130 need not be a distributed
processor-accessible memory system and, conse-
quently, may include one or more processor-accessible
memory devices located within a single data processing
device.

[0089] Each of the phrases "processor-accessible
memory" and "processor-accessible memory device" is
intended to include any processor-accessible data sto-
rage device, whether volatile or nonvolatile, electronic,
magnetic, optical, or otherwise, including but not limited
to, registers, floppy disks, hard disks, Compact Discs,
DVDs, flash memories, ROMs, and RAMs. In some
embodiments, each of the phrases "processor-accessi-
ble memory" and "processor-accessible memory device"
is intended to include a non-transitory computer-read-
able storage medium. And in some embodiments, the
memory device system 130 can be considered a non-
transitory computer-readable storage medium system.
[0090] The phrase "communicatively connected" is
intended to include any type of connection, whether wired
or wireless, between devices, data processors, or pro-
grams between which data may be communicated.
Further, the phrase "communicatively connected" is in-
tended to include a connection between devices or pro-
grams within a single data processor, a connection be-
tween devices or programs located in different data
processors, and a connection between devices not lo-
cated in data processors atall. In this regard, although the
memory device system 130 is shown separately from the
data processing device system 110 and the input-output
device system 120, one skilled in the art will appreciate
that the memory device system 130 may be located
completely or partially within the data processing device
system 110 or the input-output device system 120.
Further in this regard, although the input-output device
system 120 is shown separately from the data processing
device system 110 and the memory device system 130,
one skilled in the art will appreciate that such system may
be located completely or partially within the data proces-
sing system 110 or the memory device system 130,
depending upon the contents of the input-output device
system 120. Further still, the data processing device
system 110, the input-output device system 120, and
the memory device system 130 may be located entirely
within the same device or housing or may be separately

10

15

20

25

30

35

40

45

50

55

20

36

located, but communicatively connected, among differ-
ent devices or housings. In the case where the data
processing device system 110, the input-output device
system 120, and the memory device system 130 are
located within the same device, the system 100 of Figure
1 can be implemented by a single application-specific
integrated circuit (ASIC) in some embodiments.

[0091] The input-output device system 120 may in-
clude a mouse, a keyboard, a touch screen, another
computer, or any device or combination of devices from
which a desired selection, desired information, instruc-
tions, or any other data is input to the data processing
device system 110. The input-output device system 120
may include a user-activatable control system that is
responsive to a user action. The user-activatable control
system may include atleast one control element that may
be activated or deactivated on the basis of a particular
user action. The input-output device system 120 may
include any suitable interface for receiving information,
instructions or any data from other devices and systems
described in various ones of the embodiments. In this
regard, the input-output device system 120 may include
various ones of other systems described in various em-
bodiments. For example, the input-output device system
120 may include at least a portion a transducer-based
device system. The phrase "transducer-based device
system" is intended to include one or more physical
systems that include various transducers. The phrase
"transducer-based device" is intended to include one or
more physical devices that include various transducers.
[0092] The input-output device system 120 also may
include an image generating device system, a display
device system, a processor-accessible memory device,
or any device or combination of devices to which infor-
mation, instructions, or any other data is output by the
data processing device system 110. In this regard, if the
input-output device system 120 includes a processor-
accessible memory device, such memory device may or
may not form part or all of the memory device system 130.
The input-output device system 120 may include any
suitable interface for outputting information, instructions
ordatato other devices and systems described in various
ones of the embodiments. In this regard, the input-output
device system 120 may include various other devices or
systems described in various embodiments. In some
embodiments, the input-output device system 120 may
include one or more display devices that display one or
more of the graphical interfaces of Figures 5, described
below.

[0093] Various embodiments of transducer-based de-
vices are described herein. Some of the described de-
vices are medical devices that are percutaneously or
intravascularly deployed. Some of the described devices
are moveable between a delivery or unexpanded con-
figuration (e.g., Figures 3A, 3B discussed below) in which
a portion of the device is sized for passage through a
bodily opening leading to a bodily cavity, and an ex-
panded or deployed configuration (e.g., Figures 3C,
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3D discussed below) in which the portion of the device
has a size too large for passage through the bodily open-
ing leading to the bodily cavity. An example of an ex-
panded or deployed configuration is when the portion of
the transducer-based device is in its intended-deployed-
operational state inside the bodily cavity. Another exam-
ple of the expanded or deployed configuration is when the
portion of the transducer-based device is being changed
from the delivery configuration to the intended-deployed-
operational state to a point where the portion of the device
now has a size too large for passage through the bodily
opening leading to the bodily cavity.

[0094] In some example embodiments, the device in-
cludes transducers that sense characteristics (e.g., con-
vective cooling, permittivity, force) that distinguish be-
tween fluid, such as a fluidic tissue (e.g., blood), and
tissue forming an interior surface of the bodily cavity.
Such sensed characteristics can allow a medical system
to map the cavity, for example using positions of openings
or ports into and out of the cavity to determine a position
or orientation (e.g., pose), or both of the portion of the
device in the bodily cavity. In some example embodi-
ments, the described devices are capable of ablating
tissue in a desired pattern within the bodily cavity.
[0095] Insomeexample embodiments,the devices are
capable of sensing various cardiac functions (e.g., elec-
trophysiological activity including intra-cardiac voltages).
In some example embodiments, the devices are capable
of providing stimulation (e.g., electrical stimulation) to
tissue within the bodily cavity. Electrical stimulation
may include pacing.

[0096] Figure 2 is a representation of a transducer-
based device 200 useful in investigating or treating a
bodily organ, for example a heart 202, according to one
example embodiment.

[0097] Transducer-based device 200 can be percuta-
neously or intravascularly inserted into a portion of the
heart 202, such as an intra-cardiac cavity like left atrium
204. In this example, the transducer-based device 200 is
part of a catheter 206 inserted via the inferior vena cava
208 and penetrating through a bodily opening in trans-
atrial septum 210 from right atrium 212. In other embodi-
ments, other paths may be taken.

[0098] Catheter 206 includes an elongated flexible rod
or shaft member appropriately sized to be delivered
percutaneously or intravascularly. Various portions of
catheter 206 may be steerable. Catheter 206 may include
one or more lumens (not shown). The lumen(s) may carry
one or more communications or power paths, or both. For
example, the lumens(s) may carry one or more electrical
conductors 216 (two shown in some embodiments).
Electrical conductors 216 provide electrical connections
to transducer-based device 200 that are accessible ex-
ternally from a patient in which the transducer-based
device 200 is inserted.

[0099] Transducer-based device 200 includes a frame
or structure 218 which assumes an unexpanded config-
uration for delivery to left atrium 204. Structure 218 is
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expanded (e.g., shown in a deployed or expanded con-
figuration in Figure 2) upon delivery to left atrium 204 to
position a plurality of transducers 220 (three called outin
Figure 2) proximate the interior surface formed by tissue
222 of left atrium 204. In some embodiments, at least
some of the transducers 220 are used to sense a physical
characteristic of a fluid (e.g., blood) or tissue 222, or both,
that may be used to determine a position or orientation
(e.g., pose), or both, of a portion of a device 200 within, or
with respect to left atrium 204. For example, transducers
220 may be used to determine a location of pulmonary
vein ostia (not shown) or a mitral valve 226, or both. In
some embodiments, atleast some of the transducers 220
may be used to selectively ablate portions of the tissue
222. For example, some of the transducers 220 may be
used to ablate a pattern around the bodily openings, ports
or pulmonary vein ostia, for instance to reduce or elim-
inate the occurrence of atrial fibrillation. In some embodi-
ments, at least some of the transducers 220 are used to
ablate cardiac tissue. In some embodiments, at least
some of the transducers 220 are used to sense or sample
intra-cardiac voltage data or sense or sample intra-car-
diac electrogram data. In some embodiments, at least
some of the transducers 220 are used to sense or sample
intra-cardiac voltage data or sense or sample intra-car-
diac electrogram data while at least some of the trans-
ducers 220 are concurrently ablating cardiac tissue. In
some embodiments, at least one of the sensing or sam-
pling transducers 220 is provided by at least one of the
ablating transducers 220. In some embodiments, at least
a first one of the transducers 220 senses or samples
intra-cardiac voltage data or intra-cardiac electrogram
data at a location at least proximate to a tissue location
ablated by at least a second one of the transducers 220.
In some embodiments, the first one of the transducers
220 is other than the second one of the transducers 220.
[0100] Figures 3A, 3B, 3C and 3D (collectively, Figures
3) include a transducer-based device system (e.g., a
portion thereof shown schematically) that includes a
transducer-based device 300 according to one illustrated
embodiment. Transducer-based device 300 includes a
plurality of elongate members 304 (not all of the elongate
members called out in each of Figure 3A, 3B, 3C and 3D)
and a plurality of transducers 306 (not all of the transdu-
cers called outin Figures 3) (some of the transducers 306
called out in Figure 3D as 306a, 306b, 306c, 306d, 306e
and 306f). Figure 3B includes a representation of a por-
tion of the transducer-based device 300 shown in Figure
3A but as viewed from a different viewing direction.
Figure 3D includes a representation of a portion of the
transducer-based device 300 shown in Figure 3C but as
viewed from a different viewing direction. It is noted that
for clarity of illustration, all the elongate members shown
in Figures 3C and 3D are not represented in Figures 3A
and 3B. As will become apparent, the plurality of trans-
ducers 306 is positionable within a bodily cavity. For
example, in some embodiments, the transducers 306
are able to be positioned in a bodily cavity by movement
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into, within, or into and within the bodily cavity, with or
without a change in a configuration of the plurality of
transducers 306. In some embodiments, the plurality of
transducers 306 are arranged to form a two- or three-
dimensional distribution, grid or array of the transducers
capable of mapping, ablating or stimulating an inside
surface of a bodily cavity or lumen without requiring
mechanical scanning. As shown, for example, in Figures
3A and 3B, the plurality of transducers 306 are arranged
in a distribution receivable in a bodily cavity (not shown).
In various ones of the Figures 3, each of at least some of
transducers 306 includes a respective electrode 315 (not
all of the electrode 315 called out in each of the Figures 3,
some of the electrodes in Figure 3D called out as 315a,
315b, 315c, 315d, 315e and 3151).

[0101] The elongate members 304 are arranged in a
frame or structure 308 that is selectively movable be-
tween an unexpanded or delivery configuration (e.g., as
shown in Figures 3A, 3B) and an expanded or deployed
configuration (e.g., as shown in Figures 3C, 3D) that may
be used to position elongate members 304 against a
tissue surface within the bodily cavity or position the
elongate members 304 in the vicinity of the tissue sur-
face. In some embodiments, structure 308 has a size in
the unexpanded or delivery configuration suitable for
delivery through a bodily opening (e.g., via catheter
sheath 312) to the bodily cavity. In various embodiments,
catheter sheath 312 typically includes a length sufficient
to allow the catheter sheath to extend between a location
at least proximate a bodily cavity into which the structure
308 is to be delivered and a location outside a body
comprising the bodily cavity. In some embodiments,
structure 308 has a size in the expanded or deployed
configuration too large for delivery through a bodily open-
ing (e.g., via catheter sheath 312) to the bodily cavity. The
elongate members 304 may form part of a flexible circuit
structure (e.g., also known as a flexible printed circuit
board (PCB) circuit). The elongate members 304 can
include a plurality of different material layers. Each of the
elongate members 304 can include a plurality of different
material layers. The structure 308 can include a shape
memory material, for instance Nitinol. The structure 308
can include a metallic material, for instance stainless
steel, or non-metallic material, for instance polyimide,
or both a metallic and non-metallic material by way of
non-limiting example. The incorporation of a specific
material into structure 308 may be motivated by various
factors including the specific requirements of each of the
unexpanded or delivery configuration and expanded or
deployed configuration, the required position or orienta-
tion (e.g., pose), or both of structure 308 in the bodily
cavity or the requirements for successful ablation of a
desired pattern.

[0102] Figure 4 is a schematic side elevation view of at
least a portion of a transducer-based device 400 that
includes aflexible circuit structure 401 thatis employed to
provide a plurality of transducers 406 (two called out)
according to an example embodiment. In some embodi-
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ments, the flexible circuit structure 401 may form partofa
structure (e.g., structure 308) that is selectively movable
between a delivery configuration sized for percutaneous
delivery and expanded or deployed configurations sized
too large for percutaneous delivery. In some embodi-
ments, the flexible circuit structure 401 may be located
on, or form at least part of, a structural component (e.g.,
elongate member 304) of a transducer-based device
system.

[0103] The flexible circuit structure 401 can be formed
by various techniques including flexible printed circuit
techniques. In some embodiments, the flexible circuit
structure 401 includes various layers including flexible
layers 403a, 403b and 403c (i.e., collectively flexible
layers 403). In some embodiments, each of flexible
layers 403 includes an electrical insulator material
(e.g., polyimide). One or more of the flexible layers 403
can include a different material than another of the flex-
ible layers 403. In some embodiments, the flexible circuit
structure 401 includes various electrically conductive
layers 404a, 404b and 404c (collectively electrically con-
ductive layers 404) that are interleaved with the flexible
layers 403. In some embodiments, each of the electrically
conductive layers 404 is patterned to form various elec-
trically conductive elements. For example, electrically
conductive layer 404a is patterned to form a respective
electrode 415 of each of the transducers 406. Electrodes
415 have respective electrode edges 415-1 that form a
periphery of an electrically conductive surface asso-
ciated with the respective electrode 415. It is noted that
other electrodes employed in other embodiments may
have electrode edges arranged to form different electro-
des shapes (for example as shown by electrode edges
315-1 in Figure 3C).

[0104] Electrically conductive layer 404b is patterned,
in some embodiments, to form respective temperature
sensors 408 for each of the transducers 406 as well as
various leads 410a arranged to provide electrical energy
to the temperature sensors 408. In some embodiments,
each temperature sensor 408 includes a patterned re-
sistive member 409 (two called out) having a predeter-
mined electrical resistance. In some embodiments, each
resistive member 409 includes a metal having relatively
high electrical conductivity characteristics (e.g., copper).
In some embodiments, electrically conductive layer 404c
is patterned to provide portions of various leads 410b
arranged to provide an electrical communication path to
electrodes 415. In some embodiments, leads 410b are
arranged to pass though vias (not shown) in flexible
layers 403a and 403b to connect with electrodes 415.
Although Figure 4 shows flexible layer 403c as being a
bottom-most layer, some embodiments may include one
or more additional layers underneath flexible layer 403c,
such as one or more structural layers, such as a steel or
composite layer. These one or more structural layers, in
some embodiments, are part of the flexible circuit struc-
ture 401 and canbe partof, e.g., elongate member 304. In
some embodiments, the one or more structural layers
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may include at least one electrically conductive surface
(e.g., a metallic surface) exposed to blood flow. In addi-
tion, although Figure 4 shows only three flexible layers
403a-403c and only three electrically conductive layers
404a-404c, it should be noted that other numbers of
flexible layers, other numbers of electrically conductive
layers, or both, can be included.

[0105] In some embodiments, electrodes 415 are em-
ployed to selectively deliver RF energy to various tissue
structures within a bodily cavity (not shown) (e.g., an
intra-cardiac cavity or chamber). The energy delivered
to the tissue structures may be sufficient for ablating
portions of the tissue structures. The energy delivered
to the tissue may be delivered to cause monopolar tissue
ablation, bipolar tissue ablation, or blended monopolar-
bipolar tissue ablation by way of non-limiting example.
[0106] Energy that is sufficient for tissue ablation may
be dependent upon factors including transducer location,
size, shape, relationship with respect to another trans-
ducer or a bodily cavity, material or lack thereof between
transducers, et cetera. For example, a pair of electrodes
that each is approximately 10 mm2 in surface area and
present along a same structural member (e.g., an elon-
gate member 304 in various ones of Figures 3) may be
expected, in some circumstances, to sufficiently ablate
intra-cardiac tissue to a depth of approximately 3.1 mm
with 2 W of power and to a depth of approximately 4.4 mm
with 4 W of power. For yet another non-limiting example, if
each electrode in this pair instead has approximately 20
mmZ of surface area, it may be expected that such pair of
electrodes will sufficiently ablate intra-cardiac tissue to a
depth of approximately 3.1 mm with 4 W of power andto a
depth of approximately 4.4 mm with 8 W of power. In
these non-limiting examples, power refers to the average
power of each electrode summed together, and the depth
and power values may be different depending upon the
particular shapes of the respective electrodes, the parti-
cular distance between them, a degree of electrode-to-
tissue contact, and other factors. It is understood, how-
ever, that for the same control or target temperature, a
larger electrode will achieve a given ablation depth soon-
er than a smaller electrode. A smaller electrode (e.g., an
electrode with a smaller surface area) may need to
operate at a higher target temperature to achieve the
same ablation depth as compared to a larger (e.g., sur-
face area) electrode (a phenomenon driven by a greater
divergence of heat flux of smaller electrodes). Put differ-
ently, a maximum ablation depth (e.g., reached when the
temperature profile approaches steady state) of a rela-
tively smaller electrode is typically shallower than that of a
relatively larger electrode when ablating at the same
control or target temperature, and consequently, a given,
less than maximum, ablation depth typically is a larger
proportion of the final, maximum, ablation depth for a
relatively smaller electrode and typically is reached later
in the ablation as compared to a relatively larger elec-
trode. This circumstance may be associated with a lower
total power provided to the relatively smaller electrode as
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compared to a relatively larger electrode, but, nonethe-
less, the power density present in the relatively smaller
electrode may be expected to be somewhat higher as
compared to the relatively larger electrode. The phrase
"power density" in this context means output power di-
vided by electrode area. Note that power density approxi-
mately drives the realized control or target temperature,
but in various cases, this is a simplification, and as
indicated above, the relationship between power density
and realized control or target temperature may be mod-
ified by such factors as electrode size, shape, separation,
and so forth. Itis further noted that when a comparison is
made between a relatively larger electrode operated at a
lower control temperature versus a relatively smaller
electrode operated at a higher temperature, further com-
plications may arise when limits on compensation for
electrode size with temperature are also dictated, at least
in part, by a desire to reduce occurrences of thermal
coagulation of blood or steam formation in the ablated
tissue. It is noted that power levels in irrigated electrode
systems are typically higher (e.g., in the tens of Watts)
than those described above.

[0107] In some embodiments, each electrode 415 is
employed to sense or sample an electrical potential in the
tissue proximate the electrode 415 at a same or different
time than delivering energy sufficient for tissue ablation.
In some embodiments, each electrode 415 is employed
to sense or sample intra-cardiac voltage data in the tissue
proximate the electrode 415. In some embodiments,
each electrode 415 is employed to sense or sample data
in the tissue proximate the electrode 415 from which an
electrogram (e.g., an intra-cardiac electrogram) may be
derived. In some embodiments, each resistive member
409 is positioned adjacent a respective one of the elec-
trodes 415. In some embodiments, each of the resistive
members 409 is positioned in a stacked or layered array
with a respective one of the electrodes 415 to form a
respective one of the transducers 406. In some embodi-
ments, the resistive members 409 are connected in
series to allow electrical current to pass through all of
the resistive members 409. In some embodiments, leads
410a are arranged to allow for a sampling of electrical
voltage in between each resistive members 409. This
arrangement allows for the electrical resistance of each
resistive member 409 to be accurately measured. The
ability to accurately measure the electrical resistance of
each resistive member 409 may be motivated by various
reasons including determining temperature values at
locations at least proximate the resistive member 409
based at least on changes in the resistance caused by
convective cooling effects (e.g., as provided by blood
flow).

[0108] Referring to Figures 3A, 3B, 3C, and 3D trans-
ducer-based device 300 can communicate with, receive
power from or be controlled by a transducer-activation
system 322. In some embodiments, elongate members
304 can form a portion of an elongated cable 316 of leads
317 (e.g., control leads, data leads, power leads or any
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combination thereof), for example by stacking multiple
layers, and terminating at a connector 321 or other inter-
face with transducer-activation system 322. The leads
317 may correspond to the electrical connectors 216 in
Figure 2 in some embodiments. The transducer-activa-
tion device system 322 may include a controller 324 that
includes a data processing device system 310 (e.g., from
Figure 1) and a memory device system 330 (e.g., mem-
ory device system 130 from Figure 1) that stores data and
instructions that are executable by the data processing
device system 310 to process information received from
transducer-based device 300 or to control operation of
transducer-based device 300, for example activating
various selected transducers 306 to ablate tissue. Con-
troller 324 may include one or more controllers.

[0109] Transducer-activation device system 322 in-
cludes an input-output device system 320 (e.g., from
Figure 1) communicatively connected to the data proces-
sing device system 310 (e.g., via controller 324 in some
embodiments). Input-output device system 320 may in-
clude a user-activatable control that is responsive to a
user action. Input-output device system 320 may include
one or more user interfaces or input/output (1/0) devices,
for example one or more display device systems 332,
speaker device systems 334, one or more keyboards,
one or more mice (e.g., mouse 335), one or more joy-
sticks, one or more track pads, one or more touch
screens or other transducers to transfer information to,
from, or both to and from a user, for example a care
provider such as a physician or technician. For example,
output from a mapping process may be displayed on a
display device system 332. Input-output device system
320 may include one or more user interfaces or inpu-
t/output (1/0) devices, for example one or more display
device systems 332, speaker device systems 334, key-
boards, mice, joysticks, track pads, touch screens or
other transducers employed by a user to indicate a
particular selection or series of selections of various
graphical information. Input-output device system 320
may include a sensing device system 325 configured to
detect various characteristics including, but not limited to,
atleast one of tissue characteristics (e.g., electrical char-
acteristics such as tissue impedance, tissue conductivity,
tissue type, tissue thickness) and thermal characteristics
such as temperature. In this regard, the sensing device
system 325 may include one, some, or all of the trans-
ducers 306 (or 406 of Figure 4) of the transducer based
device 300, including the internal components of such
transducers shown in Figure 4, such as the electrodes
415 and temperature sensors 408.

[0110] Transducer-activation device system 322 may
also include an energy source device system 340 includ-
ing one or more energy source devices connected to
transducers 306. In this regard, although various ones of
Figures 3 show a communicative connection between
the energy source device system 340 and the controller
324 (and its data processing device system 310), the
energy source device system 340 may also be connected
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to the transducers 306 via a communicative connection
thatis independent of the communicative connection with
the controller 324 (and its data processing device system
310). For example, the energy source device system 340
may receive control signals via the communicative con-
nection with the controller 324 (and its data processing
device system 310), and, in response to such control
signals, deliver energy to, receive energy from, or both
deliver energy to and receive energy from one or more of
the transducers 306 viaa communicative connection with
such transducers 306 (e.g., via one or more communica-
tionlines through catheter body 314, elongated cable 316
or catheter sheath 312) that does not pass through the
controller 324. In this regard, the energy source device
system 340 may provide results of its delivering energy
to, receiving energy from, or both delivering energy to and
receiving energy from one or more of the transducers 306
to the controller 324 (and its data processing device
system 310) via the communicative connection between
the energy source device system 340 and the controller
324.

[0111] In any event, the number of energy source
devices in the energy source device system 340 is fewer
than the number of transducers in some embodiments.
The energy source device system 340 may, for example,
be connected to various selected transducers 306 to
selectively provide energy in the form of electrical current
or power (e.g., RF energy), light or low temperature fluid
to the various selected transducers 306 to cause ablation
of tissue. The energy source device system 340 may, for
example, selectively provide energy in the form of elec-
trical current to various selected transducers 306 and
measure a temperature characteristic, an electrical char-
acteristic, or both at a respective location at least prox-
imate each of the various transducers 306. The energy
source device system 340 may include various electrical
current sources or electrical power sources as energy
source devices. In some embodiments, an indifferent
electrode 326 is provided to receive at least a portion
of the energy transmitted by at least some of the trans-
ducers 306. Consequently, although not shown in various
ones of Figures 3, the indifferent electrode 326 may be
communicatively connected to the energy source device
system 340 via one or more communication lines in some
embodiments. In addition, although shown separately in
various ones of Figures 3, indifferent electrode 326 may
be considered part of the energy source device system
340 in some embodiments. In various embodiments,
indifferent electrode 326 is positioned on an external
surface (e.g., a skin-based surface) of a body that com-
prises the bodily cavity into which at least transducers
306 are to be delivered.

[0112] Itis understood that input-output device system
320 may include other systems. In some embodiments,
input-output device system 320 may optionally include
energy source device system 340, transducer-based
device 300 or both energy source device system 340
and transducer-based device 300 by way of non-limiting
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example. Input-output device system 320 may include
the memory device system 330 in some embodiments,
[0113] Structure 308 can be delivered and retrieved via
a catheter member, for example a catheter sheath 312. In
some embodiments, a structure provides expansion and
contraction capabilities for a portion of the medical device
(e.g.,anarrangement, distribution or array of transducers
306). The transducers 306 can form part of, be positioned
or located on, mounted or otherwise carried on the struc-
ture and the structure may be configurable to be appro-
priately sized to slide within catheter sheath 312 in order
to be deployed percutaneously or intravascularly. Fig-
ures 3A, 3B show one embodiment of such a structure. In
some embodiments, each of the elongate members 304
includes a respective distal end 305 (only one called out
in each of Figures 3A, 3B), a respective proximal end 307
(only one called out in each of Figures 3A, 3B) and an
intermediate portion 309 (only one called out in each of
Figures 3A, 3B) positioned between the proximal end 307
and the distal end 305. The respective intermediate por-
tion 309 of each elongate member 304 includes a first or
front surface 318a that is positionable to face an interior
tissue surface within a bodily cavity (not shown) and a
second or back surface 318b opposite across a thickness
of the intermediate portion 309 from the front surface
318a. In some embodiments, each of the elongate mem-
bers 304 is arranged front surface 318a-toward-back
surface 318b in a stacked array during an unexpanded
or delivery configuration similar to that described in co-
assigned International Application No.:
PCT/US2012/022061 and co-assigned International Ap-
plication No.: PCT/US2012/022062. In many cases a
stacked array allows the structure 308 to have a suitable
size for percutaneous or intravascular delivery. In some
embodiments, the elongate members 304 are arranged
to be introduced into a bodily cavity (again not shown)
distal end 305 first. A flexible, elongated, catheter body
314 is used to deliver structure 308 through catheter
sheath 312 according to some embodiments.

[0114] In a manner similar to that described in co-
assigned International Application No.:
PCT/US2012/022061 and co-assigned International Ap-
plication No.: PCT/US2012/022062, each of the elongate
members 304 is arranged in a fanned arrangement 370in
Figures 3C, 3D. In some embodiments, the fanned ar-
rangement 370 is formed during the expanded or de-
ployed configuration in which structure 308 is manipu-
lated to have a size too large for percutaneous or intra-
vascular delivery. In some embodiments, structure 308
includes a proximal portion 308a having a first domed
shape 309a and a distal portion 308b having a second
domed shape 309b. In some embodiments, the proximal
and the distal portions 308a, 308b each include respec-
tive portions of elongate members 304. In some embodi-
ments, the structure 308 is arranged to be delivered distal
portion 308b firstinto a bodily cavity when the structure is
in the unexpanded or delivery configuration as shown in
Figures 3A, 3B. In various embodiments, the proximal
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and distal portions 308a, 308b do not include a domed
shape in the delivery configuration (for example, as
shown in Figures 3A, 3B). In some embodiments, the
first domed shape 309a of the proximal portion 308a and
the second domed shape 309b of the distal portion 308b
are arranged in a clam shell configuration in the ex-
panded or deployed configuration shown in Figures
3C, 3D.

[0115] Thetransducers 306 canbe arranged in various
distributions orarrangements in various embodiments. In
some embodiments, various ones of the transducers 306
are spaced apart from one another in a spaced apart
distribution in the delivery configuration shown in Figures
3A, 3B. In some embodiments, various ones of the
transducers 306 are arranged in a spaced apart distribu-
tion in the deployed configuration shown in Figures 3C,
3D. In some embodiments, various pairs of transducers
306 are spaced apart with respect to one another. In
some embodiments, various regions of space are located
between various pairs of the transducers 306. For ex-
ample, in Figure 3D the transducer-based device 300
includes at least a first transducer 306a, a second trans-
ducer 306b, and a third transducer 306c (all collectively
referred to as transducers 306). In some embodiments
each of the first, the second, and the third transducers
306a, 306b, and 306¢c are adjacent transducers in the
spaced apart distribution. In some embodiments, the first
and the second transducers 306a, 306b are located on
different elongate members 304 while the second and the
third transducers 306b, 306c are located on a same
elongate member 304. In some embodiments, a first
region of space 350 is between the first and the second
transducers 306a, 306b. In various embodiments, a first
region of space 350 is between the respective electrodes
315a, 315b of the first and the second transducers 306a,
306b. In some embodiments, the first region of space 350
is not associated with any physical portion of structure
308. In some embodiments, a second region of space
360 associated with a physical portion of device 300 (e.g.,
a portion of an elongate member 304) is between the
second and the third transducers 306b, 306c. In various
embodiments, the second region of space 360 is be-
tween the respective electrodes 315b, 315¢ of the sec-
ond and the third transducers 306b, 306c. In some em-
bodiments, each of the first and the second regions of
space 350, 360 does not include a transducer of trans-
ducer-based device 300. In some embodiments, each of
the first and the second regions of space 350, 360 does
not include any transducer. It is noted that other embodi-
ments need not employ a group of elongate members
304 as employed in the illustrated embodiment. For ex-
ample, other embodiments may employ a structure hav-
ing a one or more surfaces, atleast a portion of the one or
more surfaces defining one or more openings in the
structure. In these embodiments, a region of space not
associated with any physical portion of the structure may
extend over at least part of an opening of the one or more
openings.
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[0116] In some embodiments, a first transducer set
(e.g., a first set including one or more of transducers
306) is arranged (e.g., axially, circumferentially, or both
axially and circumferentially arranged) along, across, or
over a portion of catheter body 314 while a second set
(e.g., a second set including one or more of transducers
306) is located on structure 308 extending outwardly from
a distal end 314a of catheter body 314. An example first
transducer set 380 and example second transducer set
382 are shown in Figure 3C according to some embodi-
ments. In various example embodiments, transducer-
based device 300 includes a first transducer set (e.g.,
first transducer set 380) located proximally of a distal end
314a of catheter body 314 while a second transducer set
(e.g., second transducer set 382) is located on structure
308 extending outwardly from the distal end 314a of
catheter body 314 (which is better seen in Figure 3B).
In some of these various example embodiments, struc-
ture 308 is selectively moveable between a delivery
configuration (e.g., Figures 3A, 3B) in which the first
transducer set 380 and the second transducer set 382
are concurrently arranged in respective arrangements
sized for movement through a lumen of catheter sheath
312, and an expanded or deployed configuration (e.g.,
Figures 3C, 3D) in which the second transducer set 382is
arranged in a respective arrangement sized too large for
delivery through the lumen of catheter sheath 312 while
the first transducer set 380 is arranged in a respective
arrangement sized for movement through the lumen of
the catheter sheath 312. For example, in some embodi-
ments of the expanded or deployed configuration, each
of various transducers 306 in the first transducer set 380
is moveable inwardly into or outwardly from the lumen of
catheter sheath 312 while the transducers 306 in the
second transducer set 382 are arranged in an arrange-
ment too large for movement inwardly into the lumen of
the catheter sheath 312. Advantageously, these embodi-
ments may allow particular transducers (e.g., transdu-
cers 306 in the first transducer set 380 to be introduced
into or removed from a bodily cavity when the structure
308 is repositioned in the bodily cavity in the expanded or
deployed configuration. Repositioning of the structure
308 in the bodily cavity may be required due to variances
in a size of the cavity (e.g., alarger than expected size) or
variances in an expected positioning of various anato-
mical landmarks. In either case, additional transducers
306 may be brought into play or out of play as the specific
circumstance may require. Bringing a particular transdu-
cer 306 into play within a bodily cavity may include
appropriately positioning the transducer for a desired
sensing function, an energy transmission function, or a
sensing and energy transmission function within the
bodily cavity.

[0117] In Figure 3C, structure 308 includes an at least
one elongate member 304a (also shown in Figure 3A)
according to some embodiments. At least one elongate
member 304a is sized and arranged to position at least
some of a first set of the transducers 306 (e.g., first
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transducer set 380) diametrically opposite from a portion
314b (best seen in Figure 3B) of an outer surface of
catheter body 314, the portion of the outer surface not
including any transducer. In some example embodi-
ments, portion 314b includes at least a semicircular por-
tion of an outer surface of catheter body 314. In some
embodiments, various ones of the elongate members
304 of structure 308 extend outwardly away from the
distal end 314a of the catheter body 314 while atleastone
elongate member 304 (e.g., at least one elongate mem-
ber 304a) extends outwardly from a location (e.g., loca-
tion 314c) on the catheter body 314 spaced proximally
inward from the distal end 314a of the catheter body 314.
In some embodiments, one or more transducers 306 of
the first transducer set 380 are located within a region of
space between location 314c and distal end 314a. In
some embodiments, elongate member 304ais sized and
arranged to position first transducer set 380 along the
catheter body 314 inwardly from the distal end 314a of the
catheter body 314 while positioning a third transducer set
384 outwardly from the distal end 314a of catheter body
314, each of the first and the third transducer sets 380,
384 located on elongate member 304a. In some embodi-
ments, elongate member 304a is sized and arranged to
position at least some of transducers 306 over a twisted
region 311 of each of at least some of the other elongate
members 304. In some embodiments, respective por-
tions of each of at least three of the elongate members
304 are arranged front surface 318a-toward-back sur-
face 318b along afirst direction (for example indicated by
arrow 318 in Figure 3A) to form a stacked array in the
delivery configuration (e.g., Figure 3A), and at least one
portion of the respective front surface 318a of atleast one
elongate member 304a is arranged to face in a direction
(e.g., represented by arrow 319 in Figure 3A) other than
the first direction in the delivery configuration. In other
example embodiments, other structures may be em-
ployed to support or carry transducers of a transducer-
based device such as a transducer-based catheter. For
example, an elongated catheter member may be used to
distribute the transducers in a linear or curvilinear array.
Basket catheters or balloon catheters may be used to
distribute the transducers in a two-dimensional or three-
dimensional array.

[0118] Figures 6A-6F include respective data genera-
tion and flow diagrams, which may implement various
embodiments of method 600 by way of associated com-
puter-executable instructions according to some exam-
ple embodiments. In various example embodiments, a
memory device system (e.g., memory device systems
130, 330) is communicatively connected to a data pro-
cessing device system (e.g., data processing device
systems 110 or 310, otherwise stated herein as "e.g.,
110, 310") and stores a program executable by the data
processing device system to cause the data processing
device system to execute various embodiments of meth-
od 600 via interaction with at least, for example, a trans-
ducer-based device (e.g., transducer-based devices
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200, 300, or 400). In these various embodiments, the
program may include instructions configured to perform,
or cause to be performed, various ones of the instructions
associated with execution of various embodiments of
method 600. In some embodiments, method 600 may
include a subset of the associated blocks or additional
blocks than those shown in Figures 6A-6F. In some
embodiments, method 600 may include a different se-
quence indicated between various ones of the asso-
ciated blocks shown in Figures 6A-6F.

[0119] In some embodiments, block 604 is associated
with computer-executable instructions (e.g., graphical
representation instructions or graphical interface instruc-
tions or display instructions provided by a program) con-
figured to cause an input-output device system (e.g.,
input-output device system 120 or 320) to display a
graphical representation. Figure 5A illustrates a graphi-
cal interface including a graphical representation 500
provided by the input-output device system according
to one example embodiment provided in accordance with
display instructions associated with block 604 in Figure
6A. In some embodiments, the graphical representation
500 includes a three-dimensional graphical representa-
tion of at least a portion of a transducer-based device
(e.g., structure 308 in Figure 3) and is provided in accor-
dance with the computer-executable program instruc-
tions associated with block 606. The instructions asso-
ciated with block 606 may be configured to access a
predefined model (e.g., a computer-aided-design
("CAD") or other computer-readable model stored in
memory device system 130, 330) of the at least the
portion of the transducer-based device and display the
at least the portion of the transducer-based device ac-
cording to such model. In some embodiments encom-
passing Figure 5A, the representation of the transducer-
based device is provided by or among various elements
of graphical representation 500. In some embodiments,
the graphical interface depicts the transducer-based de-
vice as including a first domed portion 508a associated
with a first domed portion of the transducer-based device
(e.g., proximal portion 308a when having the first domed
shape 309a) and a second domed portion 508b asso-
ciated with a second domed portion of the transducer-
based device (e.g., distal portion 308b having the second
domed shape 309b). A separation graphical element 503
may be employed between the first and the second
domed portions 508a, 508b in some embodiments, but
may be omitted in other embodiments. Various other
transducer-based devices may be depicted according
to the instructions associated with block 606 in other
embodiments. Figures 5A, 5B, 5C, 5D, 5E, 5F, 5G, 5H,
51, 84, 5K, 5J, 5L, and 5M (collectively Figures 5) are
presented in this disclosure in association with various
embodiments. It is understood that each of these embo-
diments need not be associated with all of the Figures 5,
and in some cases will only be associated with a subset of
the Figures 5.

[0120] Insomeembodiments accordingto Figure 5A,a
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plurality of graphical elements 501 (only two called out)
are depicted (e.g., according to the instructions asso-
ciated with block 606) among various elements of gra-
phical representation 500. In various embodiments, each
of the graphical elements 501 is respectively associated
with a respective one of a plurality of transducer sets.
Each respective transducer set includes at least one of a
plurality of transducers included as part of the transdu-
cer-based device (e.g., transducer-based devices 200,
300, or 400) and each respective transducer set has at
least one different transducer than another of the other
transducer sets. In various particular embodiments, each
respective transducer set has at least one different trans-
ducer than each of the other transducer sets.

[0121] Figure 5B shows the graphical interface in
which the display instructions have been configured to
cause (for example, in response to a user input via an
input-output device system such as 120, 320) the three-
dimensional graphical representation of the transducer-
based device to be manipulated so as to be viewed from a
different viewing angle than that shown in Figure 5A. In
some embodiments, the depiction of the transducer-base
device may include various other elements thereof. For
example, Figure 5B depicts the transducer-based device
as including an elongated portion 500c (e.g., extending
from or toward domed portion 508a in some embodi-
ments). In various embodiments, elongated portion 500c
is representative of a particular element that is the same
orsimilar to atleast one elongate member 304ain various
ones of Figures 3B. It is noted that three-dimensional
representations of at least portion of the transducer-
based device are shown in Figures 5A, 5B, 5C, 5D and
5L.

[0122] Referringto some embodiments encompassing
Figure 5A , each of at least some of the graphical ele-
ments 501 is provided by a respective one of a plurality of
transducer graphical elements 502 that include at least a
first transducer graphical element 502a, a second trans-
ducer graphical element 502b, and a third transducer
graphical element502c (e.g., all the transducer graphical
elements forming part of a group of transducer graphical
elements 502). In some embodiments, each transducer
graphical element 502 is associated with a single respec-
tive transducer of the transducer-based device. In some
example embodiments, each transducer graphical ele-
ment 502 is representative of a respective transducer of
the transducer-based device. In some example embodi-
ments, each transducer graphical element 502 is repre-
sentative of a location or position of a respective trans-
ducer of the transducer-based device. In some embodi-
ments, the graphical representation 500 includes a first
spatial relationship between the transducer graphical
elements 502 that is consistent with a second spatial
relationship between the corresponding transducers as-
sociated with the transducer graphical elements 502. For
example, in some embodiments, the transducer graphi-
cal elements 502 in the three dimensional graphical
representation 500 in Figures 5A, 5B may exhibit a same
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spatial relationship that the transducers 309 exhibit in the
transducer based device 300 in Figure 3C. Or, in some
embodiments, the transducer graphical elements 502 in
other graphical representations 500 in others of Figures 5
may exhibit a respective or corresponding spatial rela-
tionship that the transducers 309 exhibitin the transducer
based device 300 in Figures 3C and 3D. In this regard, in
some embodiments, the graphical representation 500
may include a first spatial relationship between the trans-
ducer graphical elements 502 that is consistent with a
second spatial relationship between the corresponding
transducers associated with the transducer graphical
elements 502 when the corresponding transducers are
arranged in a deployed configuration (e.g., Figures 3C,
3D). In some embodiments, each particular depicted
transducer graphical element 502 is shown having a
shape that is consistent with the particular transducer
(or portion thereof) that the particular transducer graphi-
cal element 502 is representative of. For example, in
Figure 5A, transducer graphical element 502d includes
an essentially square shape with rounded corners that is
consistent with the square, rounder cornered shape of
the electrode 315d of transducer 306d shown in Figure
3D. Additionally, in Figure 5A, transducer graphical ele-
ment 502e includes an essentially triangular shape with
rounded corners that is consistent with the triangular,
rounded cornered shape of the electrode of transducer
306e shown in Figure 3D. Further, in Figure 5A, transdu-
cer graphical element 502f includes an essentially oval
shape that is consistent with the oval shape of the elec-
trode 315f of transducer 306f shown in Figure 3D. Others
transducer graphical elements 502 in Figures 5A and 5B
have shapes that are consistent with respective ones of
the electrodes shown in Figures 3C and 3D. A graphical
representation 523 of an electrocardiogram (ECG/EKG)
signal 523 is also shown in the graphical interface of
various ones of Figures 5.

[0123] In some example embodiments, graphical ele-
ments 501 may include alternate or additional forms. For
example Figure 5C shows an example embodiment in
which each of atleast some of the graphical elements 501
are provided by a respective one of a plurality of between
graphical elements 504 including a first between graphi-
cal element 504a and a second between graphical ele-
ment 504b (e.g., all the between graphical elements
collectively referred to as between graphical elements
504). Figure 5D shows an embodiment of the graphical
interface in which the display instructions have been
configured to cause (for example, in response to a user
input via an input-output device system such as 120, 320)
the depiction of the transducer-based device to manipu-
lated so as to be viewed from a different viewing angle
than that shown in Figure 5C. In some embodiments,
between graphical elements 504 are shown in addition to
various ones of the transducer graphical 502 shown in
Figures 5A and 5B. In some embodiments, between
graphical elements 504 are provided separately or with
other embodiments of graphical elements 501. In various
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embodiments, each of the between graphical elements
504 is associated with a set of at least two (e.g., a group)
of the transducers of the transducer-based device. In
some example embodiments, each of the between gra-
phical elements 504 is associated with a pair of transdu-
cers in the transducer-based device. In some example
embodiments, each between graphical element 504 is
associated with a region of space between a respective
pair of transducers in the transducer-based device. In
some example embodiments, each between graphical
element 504 is associated with aregion of space between
a respective pair of adjacent ones of the transducers in
the transducer-based device.

[0124] In some embodiments, first transducer graphi-
cal element 502a is associated with a first transducer
(e.g., first transducer 306a) of the transducer-based de-
vice, second transducer graphical element 502b asso-
ciated with a second transducer (e.g., second transducer
306b) of the transducer-based device, and third transdu-
cer graphical element 502¢ associated with a third trans-
ducer (e.g., third transducer 306c) of the transducer-
based device. In some embodiments, each of the trans-
ducer graphical elements 502a, 502b and 502c has a
shape that is consistent with a shape of the respective
electrode 315a, 315b, 351c¢ of the corresponding one of
the transducers 306a, 306b and 306c¢. In some embodi-
ments, the first between graphical element 504a is as-
sociated with a first region of space that is between the
firstand the second transducers and the second between
graphical element 504b is associated with a second
region of space that is between the second and the third
transducers. In some embodiments, the first region of
space is a region of space that is not associated with any
physical part of the transducer-based device (e.g., first
region of space 350) and the second region of space is a
region of space that is associated with a physical part of
the transducer-based device (e.g., second region of
space 360). In some embodiments, each of the first
and the second between graphical elements 504a,
504b is associated with a region of space that does not
include a transducer of the transducer-based device. In
some embodiments, each of the first and the second
between graphical elements 504a, 504b is associated
with a region of space that does not include any transdu-
cer. Itis understood that a "region of space" need not be a
vacant space but can include physical matter therein.
[0125] In some embodiments, the first between gra-
phical element 504a is positioned between the second
and the first transducer graphical elements 502b, 502a
among the graphical representation 500. In some embo-
diments, the second between graphical element 504b is
positioned between the second and the third transducer
graphical elements 502b, 502c among the graphical
representation 500. In other example embodiments,
other spatial relationships exist between the transducer
graphical elements 502 and the between graphical ele-
ments 504 in the graphical representation.

[0126] The transducer graphical elements 502, the
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between graphical elements 504, or both may have
different sizes, shapes or forms than those shown in
the illustrated embodiment. In some embodiments, at
least one particular one of the transducer graphical ele-
ments 502 may be depicted with a different shape, size,
or form than the respective one of the shape, size or form
of the respective portion of the particular transducer to
which the particular one of the transducer graphical ele-
ments 502 corresponds. In some embodiments, different
ones of the between graphical elements 504 may be
depicted with different shapes, sizes, or forms.

[0127] With reference to various ones of Figures 5, at
least a portion of the transducer graphical elements 502,
and at least a portion of the between graphical elements
504 are arranged in a plurality of rows 510 (two called out
in Figure 5A) and a plurality of columns 512 (two called
out in Figure 5A). In some embodiments, each row cor-
responds to a respective one of number "0", "1", "2", "3",
"4" 5" "e","7","8","9","10", and "11", and each column
512 corresponds to a respective one of letters "A", "B",
"c","b","E","F","G","H", "1", "J", "k", "L", "M", "N", "O",
"P","Q","R","S",and"T", each of the numbers and letters
used as part of the unique identifier 513 (only two called
out with reference numeral 513 in Figure 5A) of each
transducer graphical element 504. In some embodi-
ments, the plurality of rows 510 and columns 512 corre-
spond to condition in which structure 308 is in the de-
ployed configuration. In some embodiments, a portion of
each of the columns 512 corresponds to region of space
associated with a physical portion of the transducer-
based device (e.g., an elongate member 304). In some
embodiments, each of the columns 512 corresponds to at
least a portion of the transducers located on a particular
elongate member of a transducer-based device (e.g., an
elongate member 304). In some embodiments, at least
one of the columns 512 includes at least one transducer
graphical element 502 having a shape that is different
than the respective shape comprised by any of the
transducer graphical elements 502 included in at least
one other of the columns 512. For example, the "A"
column 512 includes a transducer graphical element
502 identified as "A:10" that has a shape that is different
than any of the transducer graphical elements 502 com-
prised by at least one of the other columns 512. In some
embodiments, atleast a first one of the rows 510 includes
identically shaped transducer graphical elements 502
(e.g., row 510 that includes transducer graphical ele-
ments 502 identified as "A:6", "B:6", "C:6", "D:6", "E:6",
"F.6", "G:6", "H:6", "I:6", "J6", "K:6", "L:6", "M:6", "N:6",
"0:6", "P:6", "Q:6", "R:6", "S:6"and "T:6"), and at least a
second one of the rows 510 includes differently shaped
transducer graphical elements 502 (e.g., row 510 that
includes transducer graphical elements 502 identified as
"A:10", "B:10", "C:10", "D:10", "E:10", "F:10", "G:10",
"H:10", "1:10", "K:10", "L:10", "M:10", "N:10", "O:10",
"P:10", "Q:10", "R:10", and "S:10"). In some example
embodiments, a portion of each of the rows 510 corre-
sponds to regions of space not associated with any

10

15

20

25

30

35

40

45

50

55

29

physical portion of the transducer-based device (e.g.,
regions of space 350 between adjacent ones of the
elongate members 304). In other example embodiments,
different numbers of transducer graphical elements 502
and different numbers and spatial arrangements of be-
tween graphical elements 504 may be depicted in the
graphical representation. In other example embodi-
ments, different numbers and spatial arrangements of
rows 510 and columns 512 may be depicted in the
graphical representation. In various embodiments, each
of the between graphical elements (e.g., between gra-
phical elements 504) depicted in the graphical represen-
tation are representative of a respective physical path
extending between a respective pair of transducers of the
transducer-based device. Each of the physical paths may
extend over a physical surface of the transducer-based
device or over a portion of an opening defined by a
physical surface of the transducer-based device. In the
embodiment shown in Figure 5C, each between graphi-
cal element 504 is representative of a respective physical
path extending between the respective transducers as-
sociated with the adjacent pair of transducer graphical
elements 502 that the between graphical element 504
extends between. In the embodiment shown in Figure
5C, each adjacent pair of the transducer graphical ele-
ments 502 may be provided along a row 510 (two called
out in Figure 5C) of the graphical elements 501, along a
column 512 (two called out in Figure 5C) of the graphical
elements 501, or diagonally between a row 510 and a
column 512.

[0128] Referring back to Figures 5A,5B, the plurality of
rows 510 and the plurality of columns 512 are depicted as
a three-dimensional arrangement in the graphical repre-
sentation. In some embodiments, at least two of the
plurality of columns 512 are depicted in the graphical
representation extending along respective directions that
converge with respect to one another. In some embodi-
ments, at least two of the plurality of columns 512 are
depicted in the graphical representation extending along
non-parallel directions and at least two of the plurality of
rows 510 is depicted extending along parallel directions.
In some embodiments, the rows 510 and the columns
512 are depicted in the graphical representation in an
arrangement in which the columns 512 are circumferen-
tially arranged. In some embodiments, the rows 510 and
the columns 512 are depicted in the graphical represen-
tation in an arrangement having a generally spherical
shape. The plurality of columns 512 may be depicted like
lines of longitude, and the plurality of rows 510 may be
depicted like lines of latitude. Although the rows 510 and
columns 512 are illustrated in Figures 5A-5D as circum-
ferential lines (like lines of longitude and latitude), such
rows 510 and columns 512 can take other forms, as
shown, for example, in Figures 5E and 5F, discussed
in more detail below, according to some embodiments.
[0129] The display instructions (e.g., according to
block 604, 606, or both) may include instructions (e.g.,
instructions responsive to a user input made via an input-
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output device system) configured to vary the depiction of
the portion of the transducer-based device between a
three-dimensional representation (e.g., as depicted in
various ones of Figures 5A, 5B, 5C, and 5D) and a two
dimensional representation (e.g., as depicted by Figure
5E or 5F). Various two-dimensional representations are
possible in various embodiments. For example, the two-
dimensional representation depicted in Figure 5SE may be
generated according to the display instructions accord-
ing to a Mercator projection or other three-dimensional-
to-two-dimensional projection, known in the art, accord-
ing to some embodiments. In other embodiments, the
two-dimensional representation need not be a projection
from a three-dimensional model, and may merely be any
two-dimensional representation, e.g., including an ar-
rangement of transducers.

[0130] The two-dimensional representation depicted
in Figure 5E, according to some embodiments, repre-
sents the first domed portion 500a (e.g., shownin Figures
5C, 5D) of the depicted transducer-based device as first
Mercator projection 518a and the second domed portion
500b (e.g., shown in Figures 5C, 5D) of the depicted
transducer-based device as a second Mercator projec-
tion 518b. The first and the second Mercator projections
518a and 518b advantageously allow for simultaneous
viewing of all the transducer graphical elements 502 and
the between graphical elements 504. Columns 512 and
rows 510 are depicted two-dimensionally in Figure 5E. In
some embodiments, separation element 513 is also de-
picted in a two-dimensional configuration.

[0131] Asdiscussed above, other two-dimensional re-
presentations may be implemented and may be user-
selectable for viewing. For example, Figure 5F illustrates
a transverse Mercator projection employed according to
some embodiments. In Figure 5F, the transverse Mer-
cator projection includes two portions 518c, 518d, each
of the portions 518c, 518d representative of a respective
one of first and second domed portions 500a and 500b in
the corresponding three-dimensional representation. In
Figure 5F, portion 518d of the transverse Mercator pro-
jection is shown as two parts, each part at least depicting
the transducer graphical elements 502 in a respective
one of two parts of the domed portion 508b. In Figure 5F,
portion 518c is representative of first domed portion
508a. In some embodiments, various ones of the col-
umns 512 radiate outwardly radially or quasi-radially from
particular ones of a plurality of pole regions 511a and
511b represented in the graphical representation 500. In
some embodiments, various ones of the rows 510 are
circumferentially arranged about particular ones of a
plurality of pole regions 511a and 511b.

[0132] In some embodiments, at least some of the
between graphical elements 504 are not shown in var-
ious ones of the displayable two-dimensional represen-
tations. For example, in Figure 5F, between graphical
elements 504 have been selectively controlled, e.g., in
response to user input, not to be visible among the
graphical representation. In various embodiments, the
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transducer graphical elements 502 shown in each of the
Figures 5E and 5F are arranged with respect to one
another according to a spatial relationship that corre-
sponds to a spatial relationship that the transducer gra-
phical elements are arranged in the three-dimensional
representations shown in various ones of Figures 5A, 5B,
5C, 5D and 5L. In various embodiments, the transducer
graphical elements 502 shown in each of the Figures 5E
and 5F are arranged with respect to one another accord-
ing to a spatial relationship that corresponds to a spatial
relationship that particular transducers that the transdu-
cer graphical elements 502 correspond to, are arranged
with respect to one another when a supporting structure
(e.g., structure 308) is in a deployed configuration.
[0133] Various computer-executable instructions may
be configured to control various input element control
functions (e.g., mouse drag functions, touch screen drag
functions) between various operating modes such as
rotating and panning modes. A rotating mode may be
advantageously used for manipulation of a three-dimen-
sional representation of a transducer-based device or
other portions of the graphical representation 500 to
allow for viewing one or more portions of the three-
dimensional representation of the transducer-based de-
vice or various portions of the graphical representation
500 that were not previously viewable (e.g., a manipula-
tion between the views shown in Figures 5A and 5B or a
manipulation between the views shown in Figures 5C
and 5D ). In some embodiments, a panning mode may be
advantageously used for manipulation of a two-dimen-
sional representation of the transducer-based device or
other portions of the graphical representation 500 to
allow for viewing of different arrangements of various
graphical elements in the representation of a transdu-
cer-based device or other portions of the graphical re-
presentation 500. For example, in Figure 5F, an up-down
panning manipulation (e.g., caused in response to a
mouse drag or touch screen drag function) may adjust
a size of each of the portions 518d that are representative
of domed portion 508b (e.g., one of the portions 518d
increasing in size while the other portion 518d decreases
in size) or in some cases combine the plurality of portions
518d into a fewer number of portions (e.g., a single
portion 518d), or in some cases divide portion 518c
representative of the first domed portion 508a into a
plurality of portions 518c.

[0134] Insome embodiments, a rotating mode may be
advantageously used for manipulation of a two-dimen-
sional representation of the transducer-based device or
other portions of the graphical representation 500 to
allow for viewing of different arrangements of various
graphical elements in the transducer-based device or
other portions of the graphical representation 500. For
example, in Figure 5F, a rotation mode (for example,
caused inresponse to a mouse drag or touch screendrag
function) may be employed to rotate or revolve various
ones of the transducer graphical elements 502 or other
elements of the graphical representation 500 about a
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selected one of two pole regions 511a and 511b. It is
noted in some embodiments, a particular rotation of a first
set of graphical elements about one of the pole regions
511a and 511b in a first particular rotational direction
(e.g., aclockwise direction) may be automatically accom-
panied by a particular rotation of a second set of graphical
elements about the other of the pole regions 511a and
511b in second particular rotation direction different than
the first particular rotational direction (e.g., a counter-
clockwise direction).

[0135] It is noted that, even though an entirety of the
representation of the transducer-based device may be
shown in the two-dimensional representation, various
panning or rotation modes such as described above
may be employed to position various ones of the dis-
played graphical elements in a configuration that may
provide a better understanding of a particular relationship
between the graphical elements. For example, in some
embodiments, the transducer graphical elements 502k
and 502I respectively identified as "P:5" and "P:6" in
Figure 5F correspond to an adjacent pair of transducers,
but are displayed apart from one another in the two
portions 518b. A rotation (for example as described
above) about one of the two pole regions 511a, 511b
may be used to position the transducer graphical ele-
ments 502k and 502l respectively identified as "P:5" and
"P:6" closer together, for example in the medial region
511c to better convey information describing the adja-
cency ofthe transducers corresponding to the transducer
graphical elements 502k and 502I. In some example
embodiments, a rotation (for example as described
above) about one of the two pole regions 511a, 511b
may be used to position the transducer graphical ele-
ments 502k and 502| adjacently together without any
others of the transducer graphical elements 502 posi-
tioned therebetween.

[0136] In some embodiments, the respective transdu-
cers of the adjacent pair of transducers (e.g., an adjacent
pair of transducers 306) corresponding to transducer
graphical elements 502k and 502| are located a same
structural member (e.g., a same one of elongate mem-
bers 304). In some embodiments, a region of space that
includes a physical portion of the transducer-based de-
vice is located between the respective transducers of the
adjacent pair of transducers (e.g., an adjacent pair of
transducers 306) corresponding to transducer graphical
elements 502k and 502I. In various embodiments, the
rotation mode synchronizes rotation about one of the
pole regions 511a, 511b with the rotation about the other
of the pole regions 511a, 511b such that various trans-
ducer graphical elements 502 representative of an ad-
jacent pair of transducers maintain a spatial relationship
when rotated into the medial region 511c that is consis-
tent with the spatial relationship of the corresponding
adjacent transducers. In Figure 5F, various columns of
adjacent transducer graphical elements 502 radially ex-
tend or converge towards each of the pole regions 511a
and 511b. The synchronized rotation about one of the
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pole regions 511a, 511b with the rotation about the other
ofthe pole regions 511a, 511b allows each of the columns
to continue to radially extend or converge towards each of
the pole regions 511aand 511b at least while the columns
are positioned in portion 518¢

[0137] In some embodiments, various ones of these
manipulation modes may allow the user to better under-
stand a relationship or interaction between the transdu-
cer graphical elements 502 and any displayed physiolo-
gical information (e.g., intra-cardiac information) dis-
played in the graphical representation (e.g., as described
below at least with respect to Figures 5G-5M), In some
embodiments, various ones of these manipulation
modes may allow the userto better understand arelation-
ship of various ones of the transducers corresponding to
various ones of the transducer graphical elements to
facilitate a selection or non-selection thereof. It is noted
that various ones of the manipulations modes are not
limited to the two-dimensional representation of Figure
5F and may be employed with other forms of two-dimen-
sional representations. For example, in some embodi-
ments, the transducer graphical elements 502m and
502n respectively identified as "T:5" and "A:5" in Figure
5E correspond to an adjacent pair of transducers (e.g., an
adjacent pair of transducers 306), but are displayed apart
from one another. An up-down panning manipulation (for
example as described above) may be employed to better
visualize the adjacency of the transducers corresponding
to the transducer graphical elements 502m and 502n
respectively identified as "T:5" and "A:5". In some embo-
diments, the respective transducers of the adjacent pair
of transducers (e.g., an adjacent pair of transducers 306)
corresponding to transducer graphical elements 502m
and 502n are located on different structural members
(e.g., different or separate ones of elongate members
304). In some embodiments, a region of space that does
not include any physical portion of the transducer-based
device is located between the respective transducers of
the adjacent pair of transducers (e.g., an adjacent pair of
transducers 306) corresponding to transducer graphical
elements 502m and 502n.

[0138] A Mercator projection such as that employed in
embodiments associated with Figure 5E may include
various distortions in some of the elements (e.g., trans-
ducer graphical elements 504) at least proximate the
boundary regions 517a, 517b of the projection. In some
embodiments, the columns 512 of graphical elements
512 act like converging lines of longitude in a three-
dimensional representation (e.g., Figures 5A, 5B, 5C
and 5D) and the distortions at least proximate the bound-
ary regions 517a, 517b may be provided to account or
compensate for the convergence of columns 512. It is
noted, however, that a panning mode (e.g., a left-right
panning mode) that may move one of the boundary
regions 517a, 517b inwardly or centrally within the gra-
phical representation may, in some embodiments, main-
tain the distortions in the various graphical regions that
occupy or move along with the moved one of the bound-
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ary regions 517a, 517b. Moving these distorted regions
inwardly or centrally within the field of view of the user
may not provide, in some cases, a readably understand-
able representation of various facets of these graphical
elements (e.g., a spatial relationship therebetween). The
two-dimensional representation depicted in Figure 5F,
on the other hand, centralizes the graphical elements
(e.g., transducer graphical elements 502) that are lo-
cated in the boundary regions 517a, 517b of Figure 5F
centrally proximate the pole regions 511a, 511b of Figure
5F with reduced levels of distortions. In this regard, the
graphical representation of Figure 5F provides a good
understanding of the various relationships (e.g., spatial
relationships) associated with "pole" areas (e.g., areas
where the columns 312 converge like lines of longitude)
of the corresponding three-dimensional representation.
On the other hand, the graphical representation of Figure
5E provides a good understanding of the various relation-
ships (e.g., spatial relationships) associated with "equa-
torial areas (e.g., equatorial regions of columns 312 when
acting like lines of longitude) of the corresponding three-
dimensional representation. In some embodiments, two
or more different two-dimensional representations are
concurrently displayed via an input-output device system
(e.g., 120, 320). In some embodiments, both of the two-
dimensional representations shown in Figure 5E and 5F
are concurrently displayed via an input-output device
system (e.g., 120, 320).

[0139] In each of the Figures 5E and 5F, each of the
transducer graphical elements 502 has a respective
shape thatis the same, or generally the same as, a shape
of at least a portion of a corresponding transducer (e.g.,
transducer 306) that the transducer graphical element
represents. In some embodiments, each of the transdu-
cer graphical elements 502 has a respective shape thatis
the same, or generally the same, as shape of an elec-
trode (e.g., electrode 315) of a corresponding transducer
(e.g., transducer 306) that the transducer graphical ele-
ment represents. In each of the Figures 5E and 5F, the
shape of each of atleast some of the transducer graphical
elements 502 is distorted and deviates in some aspects
from the respective shape of a corresponding electrode.
Unlike a distortion caused by the use of "perspective"
(e.g., a varying of an appearance of objects in respect to
their perceived relative distance and positions) in corre-
sponding three-dimensional representations (e.g., Fig-
ures 5A, 5B, 5C, 5D), various graphical elements in
Figures 5E and 5F employ other forms of distortion (for
example, as described above in this description). For
example, in Figure 5F, increased levels of distortions
(e.g., increased sizes or dimensions, increased stretch-
ing) accompany various ones of the transducer graphical
elements 502 that are increasingly spaced from pole
regions 511a and 511b. In Figure 5E, increased levels
of distortions (e.g., increased sizes or dimensions, in-
creased stretching) accompany various ones of the
transducer graphical elements 502 that are spaced re-
latively close to the boundary regions 517a, 517b as
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compared with various ones of the transducer graphical
elements that are located relatively far from the boundary
regions 517a, 517b. In either case, and unlike the per-
spective-based distortions employed in some three-di-
mensional representations, some of the more highly
distorted transducer graphical elements 504 include en-
larged shapes (e.g., relative to less distorted graphical
elements 502 displayed centrally in each of two-dimen-
sional representations) and correspond to transducers
that would be spaced relatively farther from a viewer
(e.g., with the less distorted transducer graphical ele-
ments 502 corresponding to transducers that would be
spaced relatively closer to the viewer).

[0140] In some embodiments associated with Figure
5F, a rotation mode may be employed to rotate at least
some of the transducer graphical elements 502 about
one ofthe pole regions 511a and 511b and changes in the
shape or size of various ones of transducer graphical
elements 502 during the rotation may occur. In some
embodiments associated with Figure 5F, a rotation mode
may be employed to rotate at least some of the transdu-
cer graphical elements 502 about one of the pole regions
511a and 511b to vary a level of distortion comprised by
various ones of transducer graphical elements 502. For
example, the transducer graphical element 5020 identi-
fied as "A:6" may, in some embodiments, be rotated
about pole region 511b with its size or level distortion
reducing as it rotates toward medial region 511c.
[0141] Referring back to Figure 6A, the computer-ex-
ecutable display instructions associated with block 604
may include, in some embodiments, various instructions
configured to allow for variations in the viewable content
of the graphical representation. The computer-executa-
ble display instructions associated with block 604 may
include various instructions (e.g., computer-executable
instructions associated with block 606) configured to
allow for selective inclusions of the transducer graphical
elements 502 and the selective inclusion of the between
graphical elements 504 among the graphical represen-
tation 500. (In this regard, although block 606 is shown
separately from block 604, block 606 may be a particular
implementation of block 604 and such block may be
combined into a single block.) In some example embodi-
ments, the display instructions associated with block 606
may include instructions that allow for the selective in-
clusion of identification labels 513 that identify various
ones ofthe transducer graphical elements 502. In various
example embodiments, each of the identification labels
513 employs an alpha-numeric format including a letter
representative of the column 512 in which a correspond-
ing transducer graphical elementis located and anumber
representative of a location of the transducer graphical
element 502 in the corresponding column 514. Other
identification schemes may be employed in other embo-
diments.

[0142] Having discussed embodiments associated
with blocks 604 and 606 in Figure 6A, a discussion will
now begin regarding embodiments where block 604
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follows block 602. (Recall that block 606 may be included
within block 604 and the arrow from block 602 to 604 may
also point toward block 606, in some embodiments.)
Block 602, in some embodiments, is associated with
instructions (e.g., input instructions included in a pro-
gram) that cause the data processing device system
(e.g., data processing device systems 110 or 310) to
acquire orreceive intra-cardiac information. Intra-cardiac
information can take various forms, including, but not
limitedto, e.g., electrical information or a derivation there-
of (e.g., electrical potential information, such as intra-
cardiac electrogram information; electrical impedance
information, such as fluidic or non-fluidic cardiac tissue
impedance information; electrical conductivity informa-
tion, such as fluidic or non-fluidic cardiac tissue electrical
conductivity), thermal information or a derivation thereof
(e.g., temperature information), fluid property information
or aderivation thereof (e.g., blood flow information, blood
pressure information), force information or a derivation
thereof (e.g., contact information), and mapping informa-
tion or a derivation thereof (e.g., electrical mapping;
physical feature mapping, such as anatomical feature
mapping). In various embodiments, intra-cardiac infor-
mation may be related to any physiological parameter
information related to a heart chamber. In various embo-
diments, intra-cardiac information may include any in-
formation related to, or resulting from an interaction with
intra-cardiac tissue. By way of non-limiting example,
interaction with intra-cardiac tissue may include an inter-
action made by way of a diagnostic procedure or treat-
ment procedure.

[0143] Intra-cardiac information may be acquired or
received by various methods and from various device
systems. For example, Figure 6B shows an exploded
view of block 602, according to some embodiments. In
particular, Figure 6B includes a sub-block 602-a asso-
ciated with computer-executable instructions that re-
ceive or acquire the intra-cardiac information via data
sampling performed by a transducer-based device sys-
tem (e.g., which may be at least part of the data input-
output device system 120, 320) deployed externally from
an intra-cardiac chamber or cavity (e.g., outside the
chamber or cavity or outside a body comprising the
chamber or cavity). In this regard, the method 600 may
include a sub-block 602-b in which the intra-cardiac in-
formation is generated (e.g., via generation instructions
executable by a data-processing device system, e.g.,
110, 310) from data provided or sampled (e.g., according
to the computer-executable sampling instructions asso-
ciated with block 602-a) by the transducer-based device
system deployed externally from the intra-cardiac cham-
ber or cavity. Such generation according to block 602-b,
in some embodiments, may involve the associated in-
structions configuring the data processing device system
(e.g., 110, 310) to recognize and identify (e.g., in memory
device system 130, 330) the incoming sampled data or a
derivation thereof as a set of respective intra-cardiac
information (e.g., as an electrocardiogram or other form
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of intra-cardiac information discussed herein). By way of
non-limiting example, various transducer-based device
systems employed as per block 602-a may include var-
ious fluoroscopy device systems, ultra-sound device
system, magnetic resonance device systems, computer-
ized tomography device systems, and transthoracic elec-
trocardiographic mapping device systems. Itis noted that
some of the embodiments associated with block 602-a
are considered to employ non-invasive methods or tech-
nologies.

[0144] Figure 6C shows an exploded view of block 602,
according to some embodiments. In particular, Figure 6C
includes a sub-block 602-c associated with computer-
executable instructions that are configured to cause re-
ception or acquisition of the intra-cardiac information via
data sampling performed by a transducer-based device
system (e.g., which may be at least part of the data input-
output device system 120, 320) deployed internally to an
intra-cardiac chamber or cavity. In this regard, the meth-
od 600 may include a sub-block 602-d in which the intra-
cardiac information is generated (e.g., via generation
instructions executed by a data-processing device sys-
tem (e.g., 110, 310) from data provided or sampled (e.g.,
by the sampling instructions associated with block 602-c)
by the transducer-based device system deployed intern-
ally within the intra-cardiac chamber or cavity (e.g., inside
the chamber or cavity). Such generation according to
block 602-d, in some embodiments, may involve the
associated instructions configuring the data processing
device system (e.g., 110, 310) to recognize and identify
(e.g., in memory device system 130, 330) the incoming
sampled data or a derivation thereof as a set of respective
intra-cardiac information (e.g., as an intra-cardiac elec-
trogram or other form of intra-cardiac information dis-
cussed herein). By way of non-limiting example, various
transducer-based device systems that may be internally
deployed within an intra-cardiac chamber include by way
of non-limiting example transducer-device systems 200,
300. Various transducer-based device systems em-
ployed as per block 602-c may include various intravas-
cularly deployable or percutaneously deployable cathe-
ter device systems. Various transducer-based device
systems employed as per block 602-c may include de-
tection capabilities, mapping capabilities, diagnostic cap-
abilities, treatment capabilities or any combination there-
of. It is noted that some of the embodiments associated
with block 602-c may be considered to employ invasive
methods or technologies.

[0145] Referring back to Figure 6A, the displaying of
the graphical representation according to the computer-
executable instructions associated with block 604 may, in
some embodiments, include causing displaying of a gra-
phical representation of intra-cardiac information gener-
ated, acquired, or received according to the computer-
executable instructions associated with block 602. Var-
ious embodiments may process or analyze (e.g., accord-
ing to the instructions associated with block 604) the
transducer data received by the data processing device
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system according to the computer-executable instruc-
tions associated with block 602 in order to, for example,
generate and cause the displayed graphical representa-
tion 500 to include the intra-cardiac information. Various
embodiments may process or analyze the transducer
data received by the data processing device system
according to the instructions associated with block 602
in order to, for example, generate and possibly cause the
displayed graphical representation 500 to include a map
of the intra-cardiac information. In various embodiments,
the data is sampled by a transducer-based device sys-
tem from a plurality of locations in a cardiac chamber and
the generation instructions associated with block 602
cause mapping of each of a plurality of parts of the
intra-cardiac information to a respective one of the plur-
ality of locations in the cardiac chamber. In some of these
various embodiments, the display instructions asso-
ciated with block 604 are configured to cause an input-
output device system (e.g., 120, 320) to display the
plurality of parts of the intra-cardiac information with a
first spatial relationship that is consistent with a second
spatial relationship between the plurality of locations in
the cardiac chamber (e.g., a map of the parts of the intra-
cardiac information is displayed). In some embodiments,
the transducer-based device includes a plurality of trans-
ducers (e.g., transducer-based device 200, 300) and the
sampling instructions (e.g., 602-c) are configured to
cause the sampled data to be sampled concurrently from
the plurality of locations in the cardiac chamber.

[0146] It should be noted that some embodiments
need not be limited to any particular form of processing
or analysis of the transducer data received by the data
processing device system according to the instructions
associated with block 602. Although various display pro-
cedures can be implemented according to the computer-
executable instructions associated with block 604 to dis-
play intra-cardiac information, these display procedures
can be performed at other times, such as any time during
the generation of or after the display of a graphical
representation of atleast a portion of a transducer-based
device (e.g., as per the computer-executable instructions
associated with block 606).

[0147] An example of a display of a graphical repre-
sentation that at least depicts intra-cardiac information
according to various embodiments (such as those repre-
sented by block 604 in Figure 6A) would be a mapping
locating the position of the ports of various bodily open-
ings positioned in fluid communication with a cardiac
chamber. For example, in some embodiments, it may
be desired to determine intra-cardiac information indicat-
ing the locations of various ones of the pulmonary veins
or the mitral valve that each interrupts an interior surface
of an intra-cardiac cavity such as a left atrium.

[0148] Insome example embodiments, the mapping is
based at least on locating such bodily openings by differ-
entiating between fluid and tissue (e.g., tissue defining a
surface of a bodily cavity). There are many ways to
differentiate tissue from a fluid such as blood or to differ-
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entiate tissue from a bodily opening in case a fluid is not
present. Four approaches may include by way of non-
limiting example:

1. The use of convective cooling of heated transdu-
cer elements by fluid. A slightly heated arrangement
of transducers that is positioned adjacent to the
tissue that forms the interior surface(s) of a bodily
cavity and across the ports of the bodily cavity will be
cooler at the areas which are spanning the ports
carrying the flow of fluid.

2. The use of tissue impedance measurements. A
set of transducers positioned adjacently to tissue
that forms the interior surface(s) of a bodily cavity
and across the ports of the bodily cavity can be
responsive to electrical tissue impedance. Typically,
heart tissue will have higher associated tissue im-
pedance values than the impedance values asso-
ciated with blood.

3. The use of the differing change in dielectric con-
stant as a function of frequency between blood and
tissue. A set of transducers positioned around the
tissue that forms the interior surface(s) of the atrium
and across the ports of the atrium monitors the ratio
of the dielectric constantfrom 1KHz to 100KHz. Such
can be used to determine which of those transducers
are not proximate to tissue, which is indicative of the
locations of the ports.

4. The use of transducers that sense force (e.g.,
force sensors). A set of force detection transducers
positioned around the tissue that forms the interior
surface of the bodily cavity and across the bodily
openings or ports of the bodily cavity can be used to
determine which of the transducers are not engaged
with the tissue, which is indicative of the locations of
the ports.

[0149] The graphical interface of Figure 5G includes
various regions 525a, 525b, and 525c (e.g., part of a
plurality if regions collectively referred to as regions 525)
added to the graphical representation 500 shown in
Figure 5E. The regions 525 could be displayed according
to the instructions associated with block 604 in Figure 6A
in some embodiments. Although, such regions 525 could
be displayed at other times or according to other instruc-
tions. In some embodiments, the graphical interface
depicted in Figure 5G is generated after the transdu-
cer-based device is received in a bodily cavity having
various anatomical features of interest and the drop-
down selection box 526 identified as " Surface Map" is
activated via the input-output device system to select a
mode referred to as "Flow". Techniques for flow-based
mapping techniques are disclosed in commonly as-
signed U.S. Patent Application Publication No.: US
2008/0004534. In various embodiments associated with
various ones of Figures 5, the anatomical features of
interest are ports of a mitral valve and various pulmonary
veins positioned in fluid communication with an intra-
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cardiac cavity (e.g., a left atrium in some embodiments).
In these various embodiments, the transducers of the
transducer-based device are distributed adjacent re-
spective regions in the intra-cardiac cavity that can in-
clude relatively lower blood flow regions (e.g., adjacent a
tissue surface of the intra-cardiac cavity) and relatively
higher flow regions (e.g., over the ports of the intra-
cardiac cavity). It is noted that relatively lower blood flow
regions in the intra-cardiac cavity may occur when a
transducer is positioned in contact with a tissue surface
to restrict blood flow at the contacted tissue. In some
example embodiments, a relatively large number of
transducers in the distribution advantageously allow for
each of the transducers to be positioned adjacent their
corresponding regions with little or no repositioning of the
transducer-based device thereby facilitating an obtaining
of transducer-based data concurrently from multiple lo-
cations in the bodily cavity.

[0150] One or more of the above-discussed mapping
procedures may be implemented according to instruc-
tions associated with block 604 to display a graphical
representation 500 that includes intra-cardiac informa-
tion that indicates at least a portion of one or more
anatomical features based at least on an analysis of
the transducer data provided according to block 602.
In some of these embodiments, the one or more anato-
mical features are the ports of various bodily openings
(e.g., pulmonary veins, left atrial appendage, mitral
valve) positioned in fluid communication with the intra-
cardiac cavity and the transducer data includes data
containing various blood flow data within the bodily cavity.
In various embodiments, the data sampled according to
block 602 is temperature data and the graphical repre-
sentation 500 includes a graphical representation of at
least some of the temperature data or a derivation there-
of. Forexample, in various embodiments in which the use
of convective cooling of heated transducer elements by
fluid is employed to distinguish blood flow adjacent to the
tissue that forms the interior surface(s) of a cardiac
chamber from blood flow across the ports of the cardiac
chamber, temperature data associated with the convec-
tive cooling can be sampled and displayed to provide the
graphical representation of the intra-cardiac information.
In Figure 5G, the relatively large region 525a (e.g., shown
as two parts in this particular orientation of the two-
dimensional representation) is associated with the mitral
valve, region 525b is associated with the left atrial ap-
pendage, and regions 525c¢ are associated with various
pulmonary vein groups. Each of the regions 525 is de-
picted in the graphical representation 500 with a grad-
uated pattern provided by the flow identifier 527a in the
graphical interface of Figure 5G. In some embodiments,
flow identifier 527a provides a graduated scale from a
condition indicated as "Contact" (e.g., when a transducer
is contact with cardiac tissue) to a condition indicated as
"Flow" (e.g., when a transducer overlies a port in the
cardiac chamber). A graduated pattern can be employed
toindicate various regions in the graphical representation
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corresponding to different regions of flow in the intra-
cardiac cavity. The identified regions 525 may be identi-
fied by any suitable methods including the use of gray-
scale patterns, different colors, different opacities, differ-
ent intensities and different shapes. It is understood that
other embodiments may employ other techniques to
identify regions in the graphical representation corre-
sponding to a desired anatomical feature. For example,
transducer-based data containing blood and tissue im-
pedance information may be employed to determine
regions 525 as shown in Figure 5H. In various embodi-
ments, drop-down selection box 526 may be operated to
allow for the selective inclusion in the graphical repre-
sentation of impedance data (e.g., tissue impedance
data) or conductivity data (e.g., tissue conductivity data).
In Figure 5H, the relatively large region 525-1a (e.g.,
shown as two parts in this particular orientation of the
two-dimensional representation) is associated with the
mitral valve, region 525-1b is associated with the left atrial
appendage, regions 525-1c are associated with various
pulmonary vein groups. Each of the regions 525 is de-
picted in the graphical representation 500 with a grad-
uated pattern provided by the impedance identifier 527b
in the graphical interface of Figure 5H. In some embodi-
ments, impedance identifier provides a graduated scale
from a condition indicated as "Low" (e.g., when a trans-
ducer overlying a port in the cardiac chamber is used to
measure the electricalimpedance of blood) to a condition
indicated as "High" (e.g., when a transducer adjacent
cardiac tissue is used to measure the electrical impe-
dance of cardiac tissue). A graduated pattern can be
employed to indicate various regions in the graphical
representation corresponding to different regions of im-
pedance in the intra-cardiac cavity. The identified regions
525 may be identified by any suitable methods including
the use of gray-scale patterns, different colors, different
opacities, different intensities, and different shapes. Itis
understood that other embodiments may employ other
techniques to identify regions in the graphical represen-
tation corresponding to a desired anatomical feature.
[0151] Identification of the regions 525 may be moti-
vated for various reasons. For example, in embodiments
in which transducers of transducer-based device are
activated to treat, diagnose, or investigate various re-
gions in a bodily cavity, the identification of various re-
gions 525 and their spatial relationship relative to one
another may impact the efficacy of the treatment, diag-
nostic, or investigative procedure. For example, in situa-
tions in which at least some of the transducers of a
transducer-based device are employed to ablate various
regions within an intra-cardiac cavity (e.g., to treat atrial
fibrillation), ablation of a pulmonary vein may resultin an
undesired condition referred to as pulmonary stenosis.
Identification of various ones of the regions 525¢ (e.g.,
525-1c) in the graphical representation along with their
spatial relationship with various ones of the transducers
atvarious times may be employed to reduce occurrences
of this undesired condition.
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[0152] Without limitation, other forms of intra-cardiac
data (e.g., as received, acquired, provided, generated, or
sampled per block 602) that may form part of the graphi-
cal representation 500 may include pressure data (e.g.,
blood pressure data, contact pressure data), electrophy-
siological activation timing data, isochronal data, propa-
gation data, electrophysiological isopotential data, and
other electrophysiological voltage data. Without limita-
tion, various maps of intra-cardiac data may include
tissue contact maps (e.g., contact maps inferred from
flow data, impedance data, conductivity data), activation
maps indicating the local activation times associated with
a particular cardiac event, isochronal maps where con-
tour lines may delineate regions of equal activation times
associated with a particular cardiac event, propagation
maps providing a dynamic representation of the moving
activation wave-front associated with a particular cardiac
event, isopotential maps, and various other voltage maps
associated with intra-cardiac electrical activity. Various
representations (e.g., maps) of intra-cardiac information
may include portions corresponding to values measured
at specific locations within an intra-cardiac cavity and
portions corresponding to values that are interpolated
(for example, interpolated from values measured at spe-
cific locations within an intra-cardiac cavity).

[0153] In some embodiments, intra-cardiac informa-
tion is depicted in the graphical representation statically
or relatively statically. That is, the displayed intra-cardiac
data remains unaltered or relatively unaltered during a
defined display period. In some embodiments, intra-car-
diac information is depicted in the graphical representa-
tion 500 such that variances in the intra-cardiac informa-
tion are shown occurring over a defined display period. In
some embodiments, the graphical representation in-
cludes an animation of changes in intra-cardiac informa-
tion. Figures 5I, 5J, and 5K show graphical representa-
tion 500 including changes in intra-cardiac information
occurring at three successive particular times during a
display period. In some embodiments, the intra-cardiac
information displayed in each of Figures 5, 5J, and 5K
includes intra-cardiac voltage data showing a distribution
of voltage values of intra-cardiac electrogram data
sampled (e.g., using a transducer-based device system
200, 300) at a particular time (i.e., each of the Figures 5,
5J, and 5K associated with a respective different parti-
cular time), each of the voltage values associated with
intra-cardiac electrogram data or information sampled at
the particular time at a respective one of a plurality of
locations in an intra-cardiac cavity (e.g., by respective
transducers).

[0154] In some embodiments, the displayed voltage
values include positive values, negative values, or both
positive and negative values. For example, various po-
sitive and negative voltage values are indicated in the
graphical representation 500 shown in each of Figure 51,
5J, and 5K, a magnitude and positive or negative indica-
tion varying in accordance with the voltage identifier
527c. The voltage values shown in Figures 5l, 5J, and
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5K may be identified by any suitable methods including
the use of gray-scale patterns, different colors, different
opacities, different intensities, and different shapes. In
some embodiments, a greyscale or color-scale pattern
extending across both a positive and negative range is
employed to represent the various voltage values or
ranges of voltage values. In various embodiments, at
least some of the displayed voltage values may include
a peak value corresponding to a peak amplitude portion
of a waveform representative of the intra-cardiac electro-
gram data or information associated with the particular
displayed voltage values. In various embodiments, at
least some of the displayed voltage values may include
a non-peak value corresponding to non-peak amplitude
portion of a waveform representative of the intra-cardiac
electrogram data or information associated with the par-
ticular displayed voltage values. Without limitation, var-
ious ones of the displayed voltage values may include
derivations of the actual measured voltage values (e.g.,
values derived from the actual measured voltage values)
including RMS values, peak-to-peak values.

[0155] In various embodiments, the sequence de-
picted in Figures 5l, 5J, and 5K shows time-varying
changes in the voltage values associated with the in-
tra-cardiac voltage data or information sampled at re-
spective ones of a plurality of locations in an intra-cardiac
cavity. By concurrently sensing intra-cardiac voltage data
at each of plurality of locations within an intra-cardiac
cavity at various successive times, a relationship indicat-
ing changes among all the voltage values associated the
intra-cardiac voltage data or information sampled at var-
ious successive times across all of a plurality of locations
in an intra-cardiac cavity is shown. For example, Figures
51, 5J, and 5K include a depiction of various voltage
values represented by moving wave-front 529 (some-
times referred to as propagation 529). In this case, the
moving wave-front 529 of voltage values propagates
generally in a direction indicated by arrow 529a (not part
of the graphical representation 500 but provided to clarify
the direction of propagation of wave-front 529 shown in
the sequence depicted in Figures 5I, 5J, and 5K). It is
understood that the propagation of the wave-front 529 of
voltage values is not limited to the direction indicated by
arrow 529a, but rather, is influenced by various physio-
logical factors associated with the flow of various elec-
trical signals within the cardiac tissue.

[0156] In some embodiments, the appearance of a
propagating wave-front 529a is caused by changes in
the voltage values at each of a plurality of locations in the
graphical representation 500, the changes at each parti-
cular location represented by changes in a visual char-
acteristic of the voltage value at that particular location. In
this regard, an essentially real-time or quasi-real-time
representation of the propagation of various electrical
signals within an intra-cardiac cavity may be depicted.
[0157] Itis noted thatin various example embodiments
such as those associated with various ones of Figures
5G, 5H, 51, 5J, and 5K, at least some of the graphical
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elements 501 (e.g., transducer graphical elements 502,
between graphical elements 504) are depicted as over-
laid or superimposed on the displayed graphical repre-
sentation 500 that includes a depiction of the acquired
intra-cardiac information. In various embodiments, var-
ious ones of the graphical elements 501 (e.g., various
ones of the transducer graphical elements 502) are de-
picted with a transparent, semi-transparent, or translu-
cent appearance that allows a user to view regions of the
intra-cardiac information that underlie each of the various
ones of the graphical elements 501 or visual changes in
the regions of the intra-cardiac information that underlie
each of the various ones of the graphical elements 501.
This configuration can be especially advantageous when
one hundred, two hundred, or even more transducers are
employed percutaneously to sample or gather the intra-
cardiac information from a cardiac chamber. A graphical
representation 500 that employs a similar, equal, or
greater number of graphical elements 501 (e.g., trans-
ducer graphical elements 502, between graphical ele-
ments 504 or both transducer graphical elements 502
and between graphical elements 504) may obstruct a
required viewing of the displayed intra-cardiac informa-
tion, especially when transducer graphical elements 502
having a shape consistent with the shapes of corre-
sponding ones of the transducers are employed or when
transducer graphical elements having distorted appear-
ances (e.g., enlarged distorted appearances described
above) are employed. These situations may be effec-
tively mitigated by the use of various graphical elements
501 having a transparent, semi-transparent, or translu-
cent appearance.

[0158] Having described examples of the graphical
representation displayed according to the instructions
associated with block 604 in Figure 6A, the definition
of a graphical path (e.g., via input-output device system,
120, 320) according to some embodiments will be de-
scribed with respect to block 610 in Figure 6A. In various
embodiments, the defined graphical path is depicted in
the graphical representation 500, for example, among (a)
the graphical elements 501, (b) the representation of the
intra-cardiac information, or both (a) and (b). In various
embodiments, the graphical path may be defined, atleast
in part, based on (a) a positional relationship between
various ones of the graphical elements 501, (b) a posi-
tional relationship between various regions of the repre-
sentation of the intra-cardiac information, (c) a positional
relationship between various ones of the graphical ele-
ments 501 and various regions of the representation of
the intra-cardiac information, or a combination of two or
more of (a), (b) and (c).

[0159] The graphical path defined in accordance with
the computer-executable instructions associated with
block 610 may take various forms, shapes, or configura-
tions including embodiments that include, by way of non-
limiting example, an elongated portion, a continuous
portion, an interrupted portion, a linear portion, an arcu-
ate portion, a portion defining an obtuse angle, a portion

10

15

20

25

30

35

40

45

50

55

37

EP 4 574 044 A2 70

defining an acute angle, a beginning portion (e.g., a
portion defining or associated with a beginning or start
of the definition of the graphical path), an end portion
(e.g., a portion defining or associated with an end or
termination of the definition of the graphical path), an
open or closed circumferential portion, or any combina-
tion thereof. In various embodiments, a graphical path
defined in accordance with the instructions associated
with block 610 may include a plurality of graphical-path-
elements. In various embodiments, a graphical path
defined in accordance with the instructions associated
with block 610 may include selection of some but not all of
a plurality of selectable graphical-path-elements.
[0160] The definition of the graphical path in accor-
dance with the instructions associated with block 610
may be accomplished at least in part by execution of
various instructions by the data processing device sys-
tem (e.g., exemplified by data processing device systems
110 or 310) responsive to various user instructions, in-
puts or actions. For instance, in some embodiments, a
userinstruction, input, or action may originate from a user
selecting a particular region or regions of graphical re-
presentation 500. In this case, various instructions may
configure the data processing device system to recog-
nize this user instruction when it is received via an input-
outputdevice system (e.g., 110, 310) as a user instruction
to form or define at least a portion of the graphical path.
For example, user selection of a region 525c in Figures
5L and 5M may cause the data processing device system
(configured according to the instructions associated with
block 610) to define a graphical path 505 including trans-
ducer graphical elements 502 and between graphical
elements 504 (shown, e.g., in solid-colored interior dar-
kening) around such region 525c (e.g., by identifying
transducers where the absolute value of the data, which
causes region 525c¢, decreases to match the lighter co-
lored regions in representation 500).

[0161] Definition of the graphical path may be moti-
vated for different reasons. For example, in some embo-
diments, an activation (e.g., according to computer-ex-
ecutable instructions associated with block 614) of var-
ious transducer sets of a transducer-based device (e.g.,
200, 300, or 400), initiated during or after the completion
of the definition of the graphical path according to the
instructions associated with block 610, may cause en-
ergy sufficient for tissue ablation along an ablation path
corresponding to the defined graphical path. Advanta-
geously in some embodiments, the ability to define a
graphical path based at least on a graphical representa-
tionthatincludes atleast a representation of intra-cardiac
information may allow for enhanced results, or a possible
reduction in undesired results during a subsequent abla-
tion of cardiac tissue within an intra-cardiac cavity (e.g.,
an intra-cardiac cavity that is the source of the intra-
cardiac information) when the graphical path acts as a
template for a desired ablation path. In this regard, a
desired ablation path may be defined based at leaston a
modeled graphical path that may be generated based at
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least on various possible constraints indicated by the
graphical representation of the intra-cardiac information.
For example, various representations of intra-cardiac
information that indicate at least a portion of one or more
anatomical features (e.g., various cardiac ports provided
by the pulmonary veins, left atrial appendage, mitral
valve as shown in Figures 5G and 5H by way of non-
limiting example) may be used to assist a user in defining
a graphical path that acts as a basis for a subsequent
ablation path that takes into consideration (e.g., avoids)
these anatomical features and reduce occurrences of
undesired complications (e.g., stenosis which may arise
if ablative energy is applied to particular ones of these
anatomical features).

[0162] In various embodiments, the graphical repre-
sentation 500 includes a representation of various trans-
ducers of a transducer-based device (e.g., 200, 300 or
400) positioned within the intra-cardiac cavity. For exam-
ple, a mapping indicating a particular positioning, pose,
or orientation of the transducer-based device in the intra-
cardiac cavity, and in particular, a spatial positioning
between various ones of the transducers and various
regions of the depicted intra-cardiac information may be
displayed. It is noted that in various embodiments, the
intra-cardiac information that is displayed (e.g., via the
instructions associated with block 604) need not be static
and may include changes in the displayed appearance
thereof, for example during the generation of the graphi-
cal path or thereafter. In some embodiments, the graphi-
cal representation 500 may form a basis for the definition
of a particular graphical path that identifies particular
ones of the transducers that may be suitable to ablate
along an ablation path corresponding to the defined
graphical path. Other motivations may drive the definition
of the graphical path in other embodiments.

[0163] Block 612 in Figure 6A may be associated with
instructions configured to cause display of the graphical
path (e.g., 505) defined according to the instructions
associated with block 610. Such instructions may con-
figure a data processing device system (e.g., 110, 310) to
change a visual characteristic (e.g., changing a color or
overlaying a graphical object on top) of at least part of
each of at least some of the selected graphical elements
in the graphical path (e.g., 505). For example, various
ones of the particular illustrated embodiments shown in
Figures 5L, 5M show a plurality of portions of a graphical
path 505 displayed according to the instructions asso-
ciated with block 612 as graphical elements 501 with
solid-colored interior darkening, each selected portion of
the graphical path 505 indicating a selection of at least
one of the graphical elements 501. Figure 5L shows at
least a two-dimensional representation of the graphical
path 505, while Figure 5M shows at least a three-dimen-
sional representation of the graphical path 505, accord-
ing to various embodiments. In some embodiments, the
graphical path displayed according to the instructions
associated with block 612 is displayed among a graphical
representation of intra-cardiac information. Such intra-
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cardiac information may include "flow-based" intra-car-
diac information similar to or the same as that shown in
Figure 5G, as shown in each of Figures 5L and 5M, butitis
understood that other forms of intra-cardiac information
may be displayed in other embodiments. In some embo-
diments, various combinations of the display instructions
associated with block 604, the display instructions asso-
ciated with block 606, and the display instructions asso-
ciated with block 612 are provided by a same set of
display instructions.

In the particular illustrated embodiments shown in Fig-
ures 5L and 5M, additional information 521 is displayed
upon a selection indicating a particular one of the gra-
phical elements 501. In these particular embodiments,
the information 521 includes target temperature informa-
tion associated with each of the transducers correspond-
ing to the particular ones of the directly or indirectly
selected transducer graphical elements 502. In some
embodiments, the information 521 is related to, or re-
flective of systems-based or hardware-based informa-
tion. In some embodiments, the information 521 is related
to, orreflective of physiological parameter information. In
some embodiments, target temperature information may
be employed to monitor or control the transmittance of
tissue ablation energy from a particular one of the trans-
ducers. In various embodiments temperature data is
sensed by a particular temperature sensor (e.g., tem-
perature sensor 408) provided by a particular transducer.
The temperature data may, in some embodiments, be
compared with the target temperature to monitor or con-
trol the transmittance of tissue ablation energy from the
particular transducers. Other forms of information 521
may be displayed in other embodiments. Itis noted thatin
some embodiments, the display of information 521 oc-
curs in response to a selection of various ones of the
graphical elements 501. Advantageously, the selective
inclusion of information 521 only for the selected ones of
the graphical elements 501 may reduce a cluttering the
display region if the information 521 were provided for a
significant number of (e.g., a majority) or all of the se-
lectable graphical elements 501. This limited display of
additional information 521 may be especially important
when several hundreds of selectable graphical elements
501 are displayed.

[0164] In various embodiments, a plurality of graphical
representations of electrograms 535 are additionally dis-
played (e.g., by the display instructions associated with
block 604) by the graphical interface, each of the elec-
trograms 535 derived from data sampled by a respective
transducer (e.g., transducer 306, 406) corresponding to
particular one of the transducer graphical elements 502
selected along the graphical path (e.g., 505). For exam-
ple, the electrograms 535 in Figures 5L and 5M may be
generated or derived according to the computer-execu-
table instructions associated with block 602-d from intra-
cardiac voltage data sampled in accordance with the
computer-executable instructions associated with block
602-c. In various embodiments, each of the electrograms
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535 is a unipolar or monopolar electrogram.

[0165] Returning to Figure 6A, block 608 includes in-
structions configured to cause a reception of a selection
of a graphical element, according to some embodiments.
In some embodiments, the computer-executable instruc-
tions associated with block 608 are provided in a program
that includes instructions configured to cause the data
processing device system (e.g., 110, 310) to receive a
selection from the input-output device system of a trans-
ducer graphical element (e.g., transducer graphical ele-
ment 502), for example, to generate at least in part a
graphical path (e.g., as per the instructions associated
with block 610) similar to or the same as the graphical
path 505 shown in Figures 5M and 5L. In this regard,
although blocks 608 and 610 are shown separately in
Figure 6A, block 608 may be part of block 610, according
to some embodiments. In some embodiments, the selec-
tion according to block 608 may occur by a user mouse-
click or other user interface selection occurring at the
display location of the graphical element or may occur by
a user inputting (e.g., via a keyboard) an identifier (e.g.,
513) associated with the selected graphical element.
However, the invention is not limited to any particular
manner of selecting a graphical element.

[0166] The selection of one or more graphical ele-
ments according to the instructions associated with block
608 in Figure 6A may cause, in some embodiments, an
activation of at least some transducer sets of a transdu-
cer-based device (e.g., 200, 300, or 400) according to
instructions associated with block 614. In some embodi-
ments, block 614 includes instructions configured to
cause an activation of each of at least some of the
transducer sets of the transducer-based device (e.g.,
again exemplified by transducer based devices 200,
300, or 400) in response to receiving a selection of a
corresponding one of the graphical elements (e.g., gra-
phical elements 501) in accordance with selection in-
structions included in block 608.

[0167] In some embodiments, the program may in-
clude activation instructions (e.g., in accordance with
block 614) configured to, in response to receiving the
selection (e.g., in accordance with block 608) of a trans-
ducer graphical element (e.g., transducer graphical ele-
ment 502), cause, via the input-output device system,
activation of the respective transducer of the transducer-
based device corresponding to the selected transducer
graphical element. In various embodiments, the instruc-
tions configured to activate the respective transducer
corresponding to the selected transducer graphical ele-
ment include instructions that are configured to cause
energy from an energy source device system (e.g., en-
ergy source device system 340) to be delivered to the
respective transducer, the energy sufficient for tissue
ablation in some of these various embodiments. In some
embodiments, a sensing device system (e.g., provided at
least in part by a number of the transducers) is arranged
to sense intra-cardiac information or physiological para-
meter information at a respective location at least prox-
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imate the respective transducer corresponding to the
selected transducer graphical element with the energy
delivered to the transducer. In some of these various
embodiments, an indifferent electrode (e.g., indifferent
electrode 326) is provided (e.g., usually to an external
surface or skin-based surface of a body) while the trans-
ducer-based device is received in a bodily cavity within
the body. A portion of the tissue-ablating energy delivered
to the respective transducer corresponding to the se-
lected transducer graphical element may be transmitted
from the respective transducer to the indifferent electrode
in a process typically referred to as monopolar ablation.
Other forms of activation of the respective transducer
corresponding to the selected transducer graphical ele-
ment are possible in other embodiments. In some embo-
diments, activation of the respective transducer corre-
sponding to the selected transducer graphical element
under the influence of the instructions configured to
activate the respective transducer is referred to as mono-
polar activation. Monopolar activation can include acti-
vation for monopolar ablation or monopolar electrogram
generation by way of non-limiting example.

[0168] For another example, in some embodiments,
the instructions associated with block 608 are provided in
a program that includes selection instructions configured
to cause, due to execution of the selection instructions by
the data processing device system (e.g., again exempli-
fied by data processing device systems 110 or 310),
reception of a selection from the input-output device
system of a between graphical element (e.g., between
graphical elements 504). In accordance with the instruc-
tions associated with block 614 the program may include
activation instructions configured to, in response to re-
ceiving the selection, cause activation, via the input-out-
put device system, of a respective set of two or more of
the transducers (e.g., a pair of the transducers in some
embodiments) of the transducer-based device corre-
sponding to the between graphical element.

[0169] Advantageously, activating a set of two or more
of the transducers based on a selection of a single
graphical element (e.g., between graphical element
504) provides for a workflow that is less cumbersome
and more expeditious than individually selecting the re-
spective graphical elements (e.g., transducer graphical
elements 502) associated with each transducer of the set
of two or more of the transducers, especially when 50,
100, 200 or even over 300 or more transducer graphical
elements are provided in the graphical representation.
Thisis even more advantageous, when a single graphical
element (e.g., between graphical element 504) provides
additional information (e.g., spatial information) relating
each of the transducers in the set of two or more of the
transducers. For example, a between graphical element
504 can indicate a distance between or acceptability-of-
activation of transducers of a corresponding transducer
pair, and, accordingly, the between graphical element
504 provides, in some embodiments, information about
the corresponding group (e.g., pair) of transducers and,
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thereby, makes the selection process more efficient. In
addition, allowing selection of the between graphical
elements for corresponding transducer activation can
provide a more intuitive user-interface in certain applica-
tions. Forexample, such an arrangement allows a user to
make selections along an ablation path or a path along
which data is to be obtained, without having to focus on
the transducers required to make that ablation path or
acquire that data. The user can, forexample, just selecta
path using between graphical elements (e.g., user-based
selection(s)/constituent selection(s)), and the corre-
sponding transducers are automatically selected (e.g.,
machine-based selection(s)/constituent selection(s)) in
response. Since various ones of the between graphical
elements need not be tied to any physical portion of the
transducer-based device, they can be freely designed to
reflect the path (e.g., over tissue or fluid) in which their
corresponding transducers will interact when activated
(e.g., by causing ablation or gathering data). In this
regard, if the between graphical elements are configured
to accurately represent their respective path segmentsin
which ablation or data gathering will occur, according to
some embodiments, the user can gain an even better
understanding of the expected results of activation of the
corresponding transducers. This advantageously in-
creases the likelihood that an ablation path that is con-
sistent with a displayed graphical path will result in var-
ious embodiments.

[0170] In various embodiments where the instructions
according to block 614 are configured to cause a data
processing device system to activate a respective set or
group of two or more of the transducers, the instructions
according to block 614 include instructions that are con-
figured to cause energy from an energy source device
system (e.g., energy source device system 340) to be
delivered to the respective set of two or more of the
transducers, the energy sufficient for tissue ablation in
some of these various embodiments. In some embodi-
ments, a sensing device system (e.g., sensing device
system 325) is arranged to sense at least one tissue
electrical characteristic (e.g., an example of intra-cardiac
information) at respective locations at least proximate
each transducer of the respective set or group of two or
more of the transducers with the energy delivered to the
respective set of two or more of the transducers. In some
example embodiments, a selected between graphical
element (e.g., between graphical element 504) is repre-
sentative of a physical path extending between a respec-
tive pair of the transducers associated with the selected
between graphical element and the energy is sufficient
for ablating a portion of tissue extending along the phy-
sical path. A portion of the tissue-ablating energy may be
transmitted between the respective pair of the transdu-
cers in a process typically referred to as bipolar ablation.
In some embodiments, an indifferent electrode (e.g.,
indifferent electrode 326) is provided (e.g., usually to
an external surface or skin-based surface of a body)
while the transducer-based device is received in a bodily
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cavity within the body. Some of the tissue-ablating energy
may be transmitted between the respective pair of the
transducers while some of the tissue-ablating energy
may be transmitted from various ones of the respective
pair of the transducers to the indifferent electrode in a
process typically referred to as blended monopolar-bi-
polar ablation. The term "bipolar ablation" as used in this
disclosure is to be interpreted broadly to include blended
monopolar-bipolar ablation in some embodiments.

[0171] In addition to embodiments where the instruc-
tions according to block 614 are configured to cause a
data processing device system to cause bipolar ablation,
the instructions according to block 614, in some embodi-
ments, are configured to cause a data processing device
system to cause multi-transducer monopolar ablation
with the respective set of two or more of the transducers,
e.g., dual monopolar ablation for two transducers, or
triple monopolar ablation for three transducers. In such
cases, for example, the respective set of two or more of
the transducers may be 'queued’ for monopolar ablation,
such that monopolar ablation occurs for each transducer
in the respective set of two or more of the transducers
within some period of time, but not necessarily at the
same time or even contiguously one right after another. In
this regard, references herein to the occurrence of mono-
polar ablation for more than one transducer may include
this multi-transducer monopolar ablation according to
some embodiments. In addition, any reference herein
tothe occurrence of bipolar ablation may be replaced with
the occurrence of dual monopolar ablation (or other multi-
transducer monopolar ablation when more than two
transducers are involved), according to some embodi-
ments. In some cases in which multi-monopolar ablation
is employed, energy transfer sufficient to cause tissue
ablation is not transferred between the particular trans-
ducers employed by the multi-monopolar ablation.
Rather, in these cases energy sufficient for tissue abla-
tion is transmitted between each of these particular
transducers and an indifferent electrode (e.g., indifferent
electrode 326). In various embodiments, the activation
instructions associated with block 614 may be configured
to cause transmission, initiated during or after completion
of the definition of the graphical path (e.g., graphical path
505) of energy sufficient for tissue ablation from at least
each respective transducer corresponding to each trans-
ducer graphical element (e.g., 502) selected, indicated or
passed through by the graphical path defined in accor-
dance with the computer-executable instructions asso-
ciated with block 610. In some embodiments, the com-
puter-executable instructions associated with block 614
thatare, in some embodiments, configured to activate the
respective transducer corresponding to the selected
transducer graphical element include instructions that
are configured to cause a sensing device system (e.g.,
sensing device system 325) to detect, sense or sample
electrophysiological data including intra-cardiac voltage
data (an example of intra-cardiac information in some
embodiments) at a location in a bodily cavity or chamber
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at least proximate the respective transducer. The de-
tected electrophysiological activity can be displayed as
an intra-cardiac electrogram via the input-output device
system (e.g. electrograms 535 shown in Figures 5L and
5M). In some embodiments, detection of electrophysio-
logical activity in an intra-cardiac cavity at a location at
least proximate various ones of the transducers occurs
continuously and is not necessarily dependent on a
particular selection of a graphical element 501.

[0172] Insomeembodiments, the detected, sensed, or
sampled intra-cardiac information (e.g., sampled intra-
cardiac voltage data) is employed to assess various
levels of lesion (e.g., an ablated tissue region) transmur-
ality achieved at various times during a tissue ablation
process (e.g., a cardiac tissue ablation process). For
example, Figure 7A shows an example intra-cardiac
electrogram 535a during a cardiac tissue ablation pro-
cedure, which may be displayed, e.g., as part of the
graphical representations of any of Figures 5 (e.g., as
at least part of one of the subpanels displaying one or
more graphical representations of at least one of the
intra-cardiac electrograms 535 shown in the panel of
intra-cardiac electrograms displayed by the graphical
representation in Figures 5L and 5M). In Figure 7A, the
cardiac tissue ablation procedure is performed by trans-
mitting RF ablation energy via one particular transducer
electrode (e.g., a particular electrode 315, 415) during
the generation of the intra-cardiac electrogram 535a. In
this particular case, the cardiac tissue ablation procedure
is performed by transmitting RF ablation energy (e.g.,
energy sufficient to cause tissue ablation) via one parti-
cular transducer electrode (e.g., a particular electrode
315, 415) during the sampling of intra-cardiac voltage
data from which the intra-cardiac electrogram 535a is
derived. In some embodiments, the displayed intra-car-
diac electrogram 535a data is provided from data
sampled during a time period starting when or after the
ablation of the cardiac tissue begins. Changes in the
intra-cardiac electrogram data throughout the time per-
iod are displayed as the cardiac tissue ablation proce-
dure proceeds. In some embodiments, the same elec-
trode that is employed to perform the cardiac tissue
ablation is employed to sample the intra-cardiac voltage
data. In other cases, atransducer other than a transducer
employed to perform the tissue ablation may be em-
ployed to sample the intra-cardiac voltage data (e.g.,
the sampling or sensing transducer electrode is distinct
from the ablation transducer or electrode). In some em-
bodiments, a same electrode is employed to concurrently
sample and ablate the cardiac tissue (e.g., the sampling
or sensing transducer electrode is the ablation transdu-
cer or electrode). It is noted, however, that intra-cardiac
data may be sampled by a transducer other than an
ablation transducer in other cases (for example, a sam-
pling by anintra-cardiac voltage sampling transducer ata
location at least proximate a tissue ablated by an ablation
transducer). In some embodiments, intra-cardiac voltage
data is sampled by an electrode while the electrode is
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positioned at a same location in an intra-cardiac cavity
throughout a tissue ablation period that can encompass a
plurality of cardiac cycles. An electrocardiogram (EC-
G/EKG) 523a may also be additionally provided (e.g.,
by the graphical interface shown in various ones of
Figures 5) to further interrelate various portions of the
intra-cardiac electrogram 535a to various cardiac cycles
or portions thereof as described below. Electrocardio-
grams provide an interpretation of the electrical activity of
the heart over a time period. Electrocardiograms are
detected by electrodes attached to an external or skin-
based surface of the body and are recorded or displayed
by a device external to the body. In this regard, electro-
cardiograms are generated transthoracically (i.e., across
the thorax or chest).

[0173] Unlike electrograms provided by various con-
ventional systems, electrogram 535a has a particularly
well established form with relatively low noise that is
typically characteristic of the electrograms provided by
the various transducer-based device systems disclosed
herein due at least to the structure of the transducers
described according to Figure 4, above. In this particular
case, electrogram 535a includes a biphasic portion 536a
(e.g., an electrogram portion that contains both positive
and negative voltage peaks) during the early phases of
the cardiac ablation procedure. It is noted that that elec-
trogram 535a is typically biphasic in nature prior to abla-
tion. The presentinventors have noted, however, that the
biphasic portion 536a is typically transient in nature dur-
ing the actual ablation and transitions into monophasic
portion 536b (e.g., an electrogram portion that contains
or primarily contains either only positive voltage peaks or
only negative voltage peaks or contains only positive
voltage peaks that are much greater than the absolute
value of the negative voltage peaks (e.g., at least two,
three, or four times greater)). In this regard, itis noted that
the transformation from the biphasic portion 536a to the
monophasic portion 536b occurs over a plurality of car-
diac cycles (shown approximately by reference numeral
536¢ for the embodiments of Figure 7A, but other dura-
tions of transformations will occur depending upon at
least ablative energy delivery characteristics and tissue
characteristics). The present inventors have further
noted that the various monophasic peaks in the mono-
phasic portion 536b increase in amplitude and reach a
maximum value (e.g., maximum peak 537-1), then re-
duce in amplitude, and eventually plateau as the ablation
progresses, as described below in detail with respect to
Figures 7.

[0174] For clarity, Figures 7B, 7C, and 7D are provided
to show detailed portions of intra-cardiac electrogram
535a during different times during the cardiac tissue
ablation procedure that spans a plurality of cardiac cy-
cles. As employed herein, the phrase "cardiac cycle"
refers to a time period of a complete heartbeat from its
generation to the beginning of the next beat, and includes
the diastole, the systole, and an intervening pause. A
frequency of the cardiac cycle is described by the heart
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rate, which is typically expressed as beats per minute.
Diastole represents the period of time when the ventricles
are relaxed (e.g., not contracting). During diastole, blood
is passively flowing from the left atrium and right atrium
into the left ventricle and right ventricle, respectively. The
blood flows through the mitral and tricuspid valves (also
known as the atrioventricular valves) separating the atria
from the ventricles. The right atrium receives blood from
the body through the superior vena cava and inferior vena
cava. The left atrium receives oxygenated blood from the
lungs through four pulmonary veins that enter the left
atrium. At the end of diastole, both atria contract, propel-
ling blood into the ventricles. Systole occurs when the left
and right ventricles contract and eject blood into the aorta
and pulmonary artery, respectively. During systole, the
aortic and pulmonic valves open to permit ejection into
the aorta and pulmonary artery. The atrioventricular
valves are closed during systole, therefore no blood is
entering the ventricles; however, blood continues to enter
the atria though the vena cava and pulmonary veins.
Throughout the cardiac cycle, blood pressure increases
and decreases. The cardiac cycle is coordinated by a
series of electrical impulses that are produced by spe-
cialized heart cells found within the sinoatrial node and
the atrioventricular node.

[0175] Each of Figures 7B, 7C, and 7D include respec-
tive portions of the electrocardiogram (ECG/EKG) 523a
of Figure 7A occurring during the respective times asso-
ciated with each of the respective figures. It is noted that
the various information (e.g., X axis and Y axis headers,
scales) may not be present in the actual content dis-
played (e.g., via a respective subpanel in one or more
of Figures 5), but are included herein for the convenience
of discussion. Typically, an electrocardiogram (e.g., 523,
523a) has five deflections or peaks identified as the P
wave, Q wave, R wave, S wave, and T wave, the deflec-
tions or peaks collectively marking a cardiac cycle. It is
noted that a U Wave (not identified in Figures 7B, 7C and
7D) may follow the Twave in the cardiac cycle, butsuch U
wave is typically of low amplitude and may not be visible
in various electrocardiograms. The Q, R, and S waves
generally occur in rapid succession, and the combination
of three of these waves is typically referred to as the QRS
complex. The QRS complex generally corresponds to the
depolarization of the right and left ventricles of the heart,
and at least the R wave thereof is readily visible in
electrocardiograms. The P wave marks a deflection in
the electrocardiogram produced by excitation of the atria
of the heart, while the T wave represents the repolariza-
tion (or recovery) of the ventricles in the electrogram.
Ventricular systole begins at the QRS complex, and atrial
systole begins at the P wave.

[0176] A V wave in the electrogram 535a typically
corresponds to the ventricular depolarization corre-
sponding to at least the R wave portion of the QRS
complex in the electrocardiogram 523a. The V wave is
typically not as pronounced or prominent in intra-cardiac
electrograms as the R wave is in electrocardiograms. A
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magnitude of the V wave may vary from electrogram to
electrogram when each electrogram is derived from re-
spective data sampled from a respective different loca-
tion within an intra-cardiac cavity. Itis understood that the
indication of the P wave, Q wave, R wave, S wave, T
wave, and V wave in various ones of Figures 7 are
provided for convenience of discussion and may not
actually form part of the display of the respective electro-
cardiogram or the display of the respective intra-cardiac
electrogram as the case may be.

[0177] Figure 7B includes a display of at least part of
the biphasic portion 536a of intra-cardiac electrogram
535a (e.g., as displayed by the graphical interface of
Figures 5). Little changes in the amplitude and other
characteristics of the peaks of the biphasic pulses in
portion 536a appear during this time in the ablation
procedure. Figure 7C includes at least part of the mono-
phasic portion 536b of intra-cardiac electrogram 535a
including peak 537-1. In this particular case, peak 537-1
has an amplitude of approximately 5 millivolts and occurs
approximately 7.8 seconds after the start of the tissue
ablation, although the invention is not limited to such
amplitude and timing, which depend on many factors,
such as tissue thickness, ablation energy, ablation-elec-
trode-to-tissue-contact, etc. Peak 537-1 marks an occur-
rence of a particular situation in which the intra-cardiac
electrogram 535a (and, in particular, the monophasic
portion 536b) reaches a maximum voltage value or a
maximum amplitude. Peak 537-1 marks an occurrence of
a particular situation in which the amplitude of a peak 537
of a portion of the intra-cardiac electrogram 535a (and, in
particular, the monophasic portion 536b) derived from
data sampled during a particular cardiac cycle during the
ablation reaches an overall maximum value or peak
value as compared with the amplitudes of the respective
peaks of other portions of the intra-cardiac electrogram
535a that are derived from data sampled during the other
cardiac cycles occurring during the ablation. It is noted
that, in some embodiments, intra-cardiac electrogram
535a may be considered to be a monophasic intra-car-
diac electrogram according to definitions set forth above
with respect to monophasic portion 536b.

[0178] Figure 7D includes at least part of the mono-
phasic portion 536b of intra-cardiac electrogram 535a in
which an amplitude of various ones of the monophasic
pulses has plateaued and reached a voltage value of
approximately 1 millivolt which remains relatively con-
stant (e.g., +/- 15% or +/- 0.3 millivolts in some embodi-
ments) during this time in the tissue ablation. The indi-
cated time in Figure 7D spans a range of 165 to 167
seconds after the start of the ablation, although the in-
vention is not limited to the plateau region occurring
within such a time span.

[0179] It is noted that, in some embodiments, the
sampled intra-cardiac information from which the intra-
cardiac electrogram 535a is derived may be filtered (e.g.,
by way of low pass filtering) to change the displayed
appearance of the intra-cardiac electrogram 535a. For
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example, Figure 7E shows a filtered electrogram 535a-1,
which is a frequency-weighted version of the intra-cardi-
acelectrogram 535a shown in Figure 7A. In this particular
case, a low pass filter was employed to reduce various
biphasic components in the biphasic portion 536a of
intra-cardiac electrogram 535a. A maximum peak
537-2 (corresponding to maximum peak 537-1) having
an amplitude of approximately 5 millivolts and occurring
approximately 7.8 seconds after the start of the tissue
ablationis also shown, although, as discussed above, the
invention is not limited to such amplitude and peak timing.
[0180] Figure 7F includes a graph of a distribution 539
of a plurality of data sets derived from intra-cardiac
voltage data sampled by an electrode (e.g., 315, 415)
over a period of time that includes a plurality of cardiac
cycles, according to some embodiments. In some embo-
diments, each of the data sets is derived from the intra-
cardiac voltage data (e.g., intra-cardiac electrogram
data, in some embodiments) sampled by the electrode
during a respective one of the plurality of cardiac cycles.
In some embodiments, each of the data sets provides a
respective point or group of points in the plotted distribu-
tion 539. For example, each of the data sets may be
generated from the electrogram 535a-1 of Figure 7E. In
this regard, each of the data sets (e.g., data points in
Figure 7F, in some embodiments) may represent a max-
imum peak-to-peak voltage value magnitude (or a max-
imum minus minimum voltage value) of the electrogram
(e.g., 535a-1) during a respective one of the cardiac
cycles (e.g., a cardiac cycle defined by one of the groups
of P,Q, R, S,and Twavesin the electrocardiogram 523a).
In some embodiments, if negative voltage values are
present, a minimum value is considered to be the largest
negative value that gives the greatest voltage range
when compared with a maximum positive value. It is
noted that other embodiments may alternately employ
data sets representative of absolute maximum values (an
absolute value of a peak positive or negative value),
positive peak values, or negative peak values. Each
respective one of the data sets may be plotted as a
function of the particular sampling time, during the abla-
tion, of the particular data (e.g., sampled during the
respective cardiac cycle) from which the respective
one of the data sets was derived. For example, if a data
pointin the distribution 539 is derived from a cardiac cycle
represented in an intra-cardiac electrogram spanning a
particular time period from 10 seconds after ablation to
10.5 seconds after ablation, the respective data point in
the distribution could be plotted on the distribution 539 at
time 10.25 seconds (or any other time) within the parti-
cular time period, with the same defined time-plotting
convention consistently used for each other data point
with respect to its own cardiac cycle.

[0181] The present inventors have noted that the re-
spective values of the data sets (e.g., as shown in Figure
7F) increase relatively quickly after the start of the abla-
tion and reach a maximum peak typically at the point in
time at least proximate to the occurrence of maximum
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peak 537-2 in intra cardiac electrogram 535a-1 in Figure
7TE. As the ablation continues, the present inventors have
noted that the values of the data sets (e.g., data pointsin
distribution 539, in some embodiments) fall and then
generally plateau with relatively litle change (e.g., +/-
15% or +/- 0.3 millivolts in some embodiments). During
ablation, the peak of a portion of the monophasic intra-
cardiac electrogram derived from data sampled during a
particular cardiac cycle, typically corresponds to a point
where a propagation of the local atrial depolarization front
passes the sampling electrode. This typically occurs
within the P wave portion of the electrocardiogram or
between the P wave and Q wave portions of the electro-
cardiogram, which in various embodiments is a conse-
quence of the propagation of the depolarization front over
the whole of the atria of the heart. As the ablation con-
tinues during successive cardiac cycles, the peak of the
respective portion of the monophasic intra-cardiac elec-
trogram derived from data sampled during each of the
successive cardiac cycles decays as a consequence of
the continued expansion or growth of the ablated area
including a growth of the depth of the ablated region (e.g.,
into the tissue wall). In some embodiments, the amplitude
of the monophasic waveform contribution is proportional
to the range (e.g., maximum minus minimum voltage) of
the monophasic waveform.

[0182] The inventors have noted that (a) the time from
the start of ablation to the time of the maximum voltage
peak (e.g., a maximum peak of a respective decay dis-
tribution like maximum peak 537-3 of distribution 539 in
Figure 7F or a maximum peak of a respective electro-
gram like maximum peak 537-1 of electrogram 535a or
maximum peak 537-2 of electrogram 535a-1, according
to some embodiments), and (b) the curve-slope (e.g.,
curve-slope 536f in Figure 7F, which may be different in
differentembodiments) from the time of occurrence of the
maximum voltage peak to a time (e.g., time 536e in
Figure 7F, which may be different in different embodi-
ments) indicating a beginning of a pre-plateau transi-
tional region (e.g., transitional region 536d in Figure
7F, which may be different in different embodiments,
and which may correspond to the corresponding times
in the electrograms of Figures 7A-7E, although such
times are not shown in those figures) provide indications
of the thickness of the tissue being ablated. For example,
a relatively short time from the start of ablation to the
maximum voltage peak (e.g., less than 9 seconds), when
electrode size and tissue-ablative-energy-transmitted
are held constant, will indicate thinner tissue (e.g., less
than 2.5 mm) than a relatively longer time (e.g., greater
than 9 seconds) from the start of ablation to the maximum
voltage peak which indicates relatively thicker tissue
(e.g., greater than 2.5 mm). In addition, when electrode
size and tissue-ablative-energy-transmitted are held
constant, a steeper curve-slope from the maximum vol-
tage peak to the beginning of the pre-plateau transitional
region will indicate thinner tissue than a relatively flatter
curve-slope from the maximum voltage peak to the be-
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ginning of the pre-plateau transitional region.

[0183] For example, Figures 10A and 10B provide in-
vivo data illustrating these features. The procedures
which generated the data represented in Figures 10A
and 10B employed relatively equal electrode size and
relatively equal tissue-ablative-energy-transmission le-
vels. Figure 10A represents a decay distribution 1539A
like distribution 539 for thin cardiac tissue (e.g., less than
2.5 mm), whereas Figure 10B represents a decay dis-
tribution 1539B like distribution 539 for thick cardiac
tissue (e.g., greater than 2.5 mm). In this regard, it can
be seen in Figure 10A that the time from the start of
ablation to the time 1536gA of the maximum voltage peak
1537A is approximately 7-8 seconds for the thin tissue,
whereas the time from the start of ablation to the time
15369gB of the maximum voltage peak 1537B in Figure
10B is approximately 14-15 seconds for the thick tissue.
Further, it can be seen in Figure 10A that the curve-slope
1536fA from a time proximate the time 1536gA of the
maximum voltage peak 1537A to a time 1536eA indicat-
ing a beginning of a pre-plateau transitional region in the
distribution 1539A is steeper for the thin tissue than it is
for the thick tissue, as shown in Figure 10B. In particular,
the curve-slope 1536fB from a time proximate the time
15369gB of the maximum voltage peak 1537B to a time
1536€eB indicating a beginning of a pre-plateau transi-
tional region in the distribution 1539B is less steep than
the curve-slope 1536fA for the thin tissue.

[0184] Accordingly, in some embodiments, the data
processing device system (e.g., 110, 310) is configured
to identify a time of the maximum voltage peak from the
start of ablation, the above-discussed curve-slope, or
both, and based at least on known electrode size, shape,
and ablation-energy-delivery characteristics, aswellas a
comparison with previously stored or predetermined
time-to-peak/curve-slope information (e.g., thresholds)
that relate(s) time-to-peak, respective curve-slope, or
both to tissue thickness, the data processing device
system (e.g., 110, 310) is configured to output an indica-
tion via the input-output device system 120 (e.g., via a
display device user interface like any of those shown in
Figure 5) of tissue thickness proximate the electrode
(e.g., 315, 415) that provided the data that resulted in
the distribution curve 539. In addition or in the alternative,
the data processing device system (e.g., 110, 310) may
be configured to output an indication via the input- output
device system 120 (e.g., via a display device user inter-
face like any of those shown in Figure 5) of an estimate of
projected ablation time required for transmurality, as
ablation time is a function of tissue thickness. Such
indications may be especially helpful when multiple elec-
trodes are simultaneously performing tissue ablation.
[0185] In some embodiments, the data processing
device system (e.g., 110, 310) is configured, e.g., by data
reception instructions to cause reception of intra-cardiac
voltage data via an input-output device system 120, the
intra-cardiac voltage data sampled by a sensing elec-
trode (e.g., 315, 415) over a period of time that includes a
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plurality of cardiac cycles. Activation instructions may
configure the data processing device system (e.g.,
110, 310) to cause an ablation electrode (e.g., 315,
415, same or different than the sensing electrode) to
transmit energy sufficient for tissue ablation at least dur-
ing the sampling of the intra-cardiac voltage data by the
sensing electrode. Data derivation instructions may con-
figure the data processing device system (e.g., 110, 310)
to derive at least a plurality of voltage values (e.g., data
points in an electrogram or decay curve), each of the
plurality of voltage values derived at least in part from a
respective portion of the received intra-cardiac voltage
data (e.g., some or all of the intra-cardiac voltage data
associated with a particular cardiac cycle). Each of the
plurality of voltage values may be correlated, according
tothe derivationinstructions, with a respective time within
a time range during which that the respective portion of
the of the received intra-cardiac voltage data was
sampled by the sensing electrode. For example, if the
voltage values are data points in a decay curve like
distribution 539, each data point is correlated with a time
on the X-axis in Figure 7F, which is a time within a
respective cardiac cycle in an electrogram, e.g.,
535a-1, from which such data point was derived. Identi-
fication instructions may configure the data processing
device system (e.g., 110, 310) to identify a duration from a
time from a start of the tissue ablation to the respective
time (e.g., time 1536gA in Figure 10A) correlated with a
particular one of the respective voltage values, the parti-
cular one of the respective voltage values being a max-
imum value (e.g., peak 1537A in Figure 10A) as com-
pared with others of the plurality of voltage values. Tissue
thickness determination instructions may be configured
to determine a thickness of tissue subject to the tissue
ablation based at least upon a comparison of the identi-
fied duration with a predetermined threshold. Thickness
indication instructions may be configured to output a
tissue-thickness indication via the input-output device
system indicating a result of the determination of the
thickness of the tissue. In some embodiments, the acti-
vation instructions may be configured to cause the abla-
tion to cease within a particular predetermined time after
the tissue thickness determination has been made, the
particular predetermined time varying in accordance with
the particular thickness of the tissue thatis determined. In
some embodiments, the particular predetermined time is
predetermined to cause the ablation to continue for an
additional time sufficient to cause a transmural lesion in
tissue having a thickness corresponding to the thickness
indicated by the tissue thickness determination instruc-
tions.

[0186] The data derivation instructions may be config-
ured to derive each of at least three of the plurality of
voltage values only from the respective portion of the
received intra-cardiac voltage data, each respective por-
tion from which arespective one of the atleast three of the
plurality of voltage values is derived representing some,
but not all, of the intra-cardiac voltage data sampled by
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the sensing electrode during a respective cardiac cycle
(e.g., excluding a respective portion 542 in Figure 9C as
described below). Display instructions may configure the
data processing device system (e.g., 110, 310) to display,
viathe input-output device system, the plurality of voltage
values, which may be displayed as a distribution (e.g.,
539) or an intra-cardiac electrogram (e.g., 535a-1 or
535a). As discussed above, an electrogram (e.g.,
535a-1 or 535a) may be concurrently displayed with a
decay distribution (e.g., 539), according to the display
instructions. In some embodiments, the electrogram has
a visual characteristic set that is distinct from a visual
characteristic set of the decay distribution, such as dif-
ferent colors or different locations on the display. In some
embodiments, the voltage values are data points in an
intra-cardiac electrogram (e.g., 537) and the identifica-
tion instructions may configure the data processing de-
vice system (e.g., 110, 310) to identify a duration from a
time from a start of the tissue ablation to the respective
time of a peak voltage value in the electrogram (e.g.,
537-1, 537-2). Like various embodiments described
above, tissue thickness determination instructions may
be configured to determine a thickness of tissue subject
to the tissue ablation based at least upon a comparison of
the identified duration with a predetermined threshold.
Thickness indication instructions may be configured to
output a tissue-thickness indication via the input-output
device system indicating a result of the determination of
the thickness of the tissue.

[0187] The present inventors have also determined
that a lesion formed by the ablation in the tissue wall will
become transmural in some embodiments when the data
sets (e.g., data pointsin distribution 539) have values that
remain relatively constant (e.g., in the plateau region of
the graph) or the slope of the plateau region remains fairly
constant. The present inventors have determined that a
lesion formed by the ablation of the tissue wall will be-
come transmural in some embodiments when the data
sets (e.g., which may be data points in distribution 539 in
some embodiments) have values that have fallen by a
predetermined amount (e.g., 70%) from the peak value
indicated in the graph. The present inventors have de-
termined that a lesion formed by the ablation in the tissue
wall may become transmural when an indication of a rate
of change of a trend of the data set values over the
ablation period becomes less than a particular rate
(e.g., 0.025 millivolts/sec in some embodiments, 0.010
millivolts/sec in other embodiments, or 0.002 millivolts/-
secin yetotherembodiments) atatime atleast proximate
the plateau region. Such a rate of change analysis may
be obtained by determining when the second derivative
of the plotted data sets becomes zero or within a pre-
determined range of zero (e.g., absolute value less than
0.1, 0.05, 0.02, or 0.01).

[0188] Accordingly, in some embodiments, ablation
termination instructions may cease the tissue ablation
in response to an indication of one or more transmurality
determinations made above by the present inventors. In
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some embodiments, the data sets are displayed and a
user may make a transmurality determination based on
the displayed data sets. For example, Figure 6D includes
an exploded view of block 602 employed according to
some embodiments in which at least the derived data
sets are displayable (e.g., via a respective electrogram
535 subpanel in one or more of Figures 5 via the display
instructions associated with block 604, according to
some embodiments) to a user such as a health care
provider. Block 602 may include reception instructions
associated with block 602-e that cause a reception of
intra-cardiac voltage data via an input-output device
system (e.g., 120, 320), the intra-cardiac voltage data
sampled by an electrode (e.g., an electrode 315, 415)
over a period of time that includes a plurality of cardiac
cycles, including a first cardiac cycle and a second car-
diac cycle. The instructions associated with block 602-e
may be configured to cause a data processing device
system (e.g., 110, 310) to receive the voltage data as
discussed above with respect to block 602 in Figure 6A,
but, in some embodiments associated with block 602-¢,
the intra-cardiac information may include voltage data
sampled by an electrode (e.g., an electrode 315, 415)
over a period of time that includes a plurality of cardiac
cycles, including a first cardiac cycle and a second car-
diac cycle. In some embodiments, block 602 includes
data derivation instructions associated with block 602-f
that cause a derivation, for each respective one of the
plurality of cardiac cycles, a respective one of plurality of
data sets, at least in part from a respective portion of the
intra-cardiac voltage data sampled by the electrode dur-
ing the respective one of the plurality of cardiac cycles
(e.g., generating the distribution 539 from an intra-cardi-
ac electrogram 535a, according to some embodiments).
[0189] In some embodiments, the derived data sets
are caused to be concurrently displayed via the input-
output device system (e.g., via a respective electrogram
535 subpanel in one or more of Figures 5 according to
display instructions associated with block 604). For ex-
ample, Figures 8A, 8B, and 8C show changes in a dis-
played graphical representation (which may be displayed
in a electrogram 535 subpanel in one or more of Figures
5)atthree successive times, the graphical representation
including a concurrently displayed first data superset
540a (which may represent an electrogram, such as all
or a portion of electrogram 535a in Figure 7A) and a
concurrently displayed second data superset 540b
(which may represent an electrogram decay distribution,
such as all or a portion of distribution 539). (Note that first
data superset 540a is equivalently referred to as "first
data set" 540a herein, and second data superset 540b is
equivalently referred to as "second data set" 540b here-
in.) Invarious embodiments, the graphical representation
is displayed via an input-output device system (e.g., 120,
320). In some embodiments, the graphical representa-
tion is displayed via a graphical interface, for example,
the graphical interface shown in various ones of Figures
5. In some embodiments, the concurrently displayed first
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data set 540a includes and represents a first graphical
distribution of data that includes first data (e.g., atleast a
portion of the data (e.g., a first group of voltage magni-
tudes) plotted for first data set 540a) displayed across a
firsttime scale (represented, e.g., by the lower horizontal
x-axis in each of Figures 8), and the concurrently dis-
played second data set 540b includes and represents a
second graphical distribution of data that includes sec-
onddata (e.g., atleasta portion of the data (e.g., a second
group of voltage magnitudes) plotted for second data set
540b) displayed across a second time scale (repre-
sented, e.g., by the upper horizontal x-axis in each of
Figures 8) that is different than the first time scale. In
some embodiments, the concurrently displayed first data
set 540a and the concurrently displayed second data set
540b are displayed concurrently with each other for at
least a period of time, such as in a superimposed or
overlapping configuration, such as thatillustrated in each
of Figures 8A-8C. However, the first data set 540a and
second data set 540b may be concurrently displayedin a
separate manner, e.g., one-above-another in a same
graph as shown, e.g., in Figures 8D-8F, or, e.g., entirely
separately on their own respective graphs.

[0190] In some embodiments, the concurrently dis-
played first data set 540a is represented as an electro-
gram (e.g., intra-cardiac electrogram 535a). Accordingly,
in some embodiments, the concurrently displayed first
data set 540a and the concurrently displayed second
data set 540b may be displayed as a portion of an
intra-cardiac electrogram panel displayed as part of a
graphical interface (e.g., a subpanel displaying at least
one of the intra-cardiac electrograms 535 shown in the
panel of intra-cardiac electrograms displayed by the
graphical representation in Figures 5L and 5M). The
number of intra-cardiac electrogram pulses or cycles
displayed in each of Figures 8A, 8B, and 8C (and Figures
8D, 8E, and 8F described below) corresponds to an
electrogram sweep speed of approximately 50 milli-
meters per second and may be changed to different
values by user manipulation of various ones of the elec-
trogram sweep speed buttons 528 shown in Figures 5L
and 5M by way of non-limiting example.

[0191] In some embodiments, the concurrently dis-
played second data set 540b ultimately is provided by
distribution 539. As described above, distribution 539
includes a plurality of data sets (e.g., data points, as
contrasted with first data superset 540a and second data
superset 540b which represent segments or entireties of
graphs, according to some embodiments). Each of the
data setsin the distribution 539, as discussed above, may
be derived from intra-cardiac voltage data sampled by an
electrode (e.g., 315, 415) during a respective one of a
plurality of cardiac cycles. In some embodiments, each of
the data sets in distribution 539 may be generated from
the electrogram 535ao0f Figure 7A. Specifically, in some
embodiments, each of the data sets in distribution 539 is
derived from at least two values in the respective portion
of the intra-cardiac voltage data sampled by an electrode
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(e.g., in accordance with the computer-executable in-
structions associated with block 602-e) during a respec-
tive one of the plurality of the cardiac cycles. In some
embodiments, each of the data sets includes data repre-
sentative of a difference between two values in the re-
spective portion of the intra-cardiac voltage data sampled
by an electrode (e.g., in accordance with the instructions
associated with block 602-e) during a respective one of
the plurality of the cardiac cycles. In some embodiments,
each of the data sets represents a maximum peak-to-
peak voltage value magnitude (or a maximum minus
minimum voltage value) of the electrogram during a
respective one of the cardiac cycles, as, e.g., discussed
above with respect to Figure 7F. In some embodiments,
each of the data sets (e.g., points in distribution 539)
represents peak or maximum voltage value of the elec-
trogram during a respective one of the cardiac cycles.

[0192] Asindicated by the sequence of Figures 8A, 8B,
and 8C in which the concurrently displayed second set
540b (distribution 539) grows as the sequence advances,
each of the plurality of data sets in distribution 539 is
sequentially displayed (e.g., as points along the distribu-
tion 539) by the input-output device system (e.g., in
accordance with the instructions associated with block
604) until all of the plurality of data sets are concurrently
displayed. In some embodiments, the plurality of data
sets in distribution 539 are sequentially displayed (e.g., in
accordance with the instructions associated with block
604) according to a first order that is consistent with an
order of the plurality of the cardiac cycles associated with
the plurality of data sets in distribution 539. In some
embodiments, the plurality of data sets in distribution
539 are displayed (e.g., in accordance with the instruc-
tions associated with block 604) according to a first
spatial order representative of an order of the plurality
of the cardiac cycles associated with the plurality of data
sets in distribution 539. Specifically, in Figure 8A, a group
of data sets making up a displayed portion of the con-
currently displayed second data set 540b are shown and
are derived from data sampled from the particular cardiac
cycles occurring within the first 9 seconds from the start of
the ablation. In some embodiments, a maximum value of
the peak-to-peak values represented by the data set
associated with a particular one of the cardiac cycles is
displayed for each of the particular cardiac cycles occur-
ring within the first 9 seconds from the start of ablation.
For example, in Figure 8A, the maximum value of the
peak-to-peak value for the cardiac cycle occurring ap-
proximately 8 seconds from the start of ablation is ap-
proximately 6 millivolts and is represented as the first
data point on the right-Y-axis in the distribution 539.
Figure 8A also shows the intra-cardiac electrogram
535a (e.g., an example of concurrently displayed first
data set 540a) as it appears 7 to 9 seconds after the start
ofthe tissue ablation (e.g., a series of monophasic pulses
having amplitudes of approximately 5 millivolts as repre-
sented by the left- Y-axis). In this regard, Figure 8A (as
well as each of the others of Figures 8) shows the intra-
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cardiac electrogram 535a (e.g., an example of concur-
rently displayed first data superset 540a) concurrently
displayed with a plurality of data sets (e.g., data points) of
the second data superset 540b (e.g., at least part of the
distribution 539), the intra-cardiac electrogram 535a de-
rived from atleast a portion of the respective intra-cardiac
voltage data sampled by the respective electrode.
[0193] In Figure 8B, a group of data sets (e.g., data
points including the data points shown in Figure 8A,
according to some embodiments) making up a displayed
portion of the concurrently displayed second data super-
set 540b are shown and are derived from data sampled
from the particular cardiac cycles occurring within the first
52 seconds from the start of the ablation. In particular,
values of the data sets (e.g., data points, in some embo-
diments) making up the concurrently displayed second
data set 540b have decayed from the maximum value
shown in Figure 8A and have approached or are about to
approach a plateau region of the distribution 539, which in
some embodiments may provide a visible indication that
a transmural lesion has been achieved by the tissue
ablation process, and thereby allow determination of
whether the ablation process should stop. In some em-
bodiments, values of the data sets (e.g., data points, in
some embodiments) making up the concurrently dis-
played second data set 540b in Figure 8B have decayed
from the maximum value shown in Figure 8A, e.g.., a
peak where the second derivative is zero, and have
approached or are about to approach a subsequent
region of the distribution 539 in which a second derivative
of the values with respect to time approaches zero, which
in some embodiments may provide an indication that a
transmural lesion has been achieved by the tissue abla-
tion process, and thereby allow determination of whether
the ablation process should stop.

[0194] Figure 8B also shows the intra-cardiac electro-
gram 535a (e.g., an example of concurrently displayed
first data set 540a) as it appears 50 to 52 seconds after
the start of the tissue ablation (e.g., a series of mono-
phasic pulses having amplitudes of approximately 2 milli-
volts). The amplitudes of the monophasic electrogram
pulses in Figure 8B reduce (e.g., as compared with
Figure 8A) with increased ablation time. In Figure 8C,
a group of data sets (e.g., data points including the data
points shown in Figures 8A and 8B, according to some
embodiments) making up a displayed portion of the
concurrently displayed second data set 540b are shown
and are derived from data sampled from the particular
cardiac cycles occurring within approximately 180 sec-
onds from the start of the ablation. The values of the data
sets (e.g., data points, in some embodiments) making up
the concurrently displayed second data set 540b have
decayed into the plateau region which, in some embodi-
ments provides anindication that a transmural lesion was
achieved sometime before this time. Figure 8C also
shows the intra-cardiac electrogram 535a (e.g., an ex-
ample of concurrently displayed first data set 540a) as it
appears 176 to 178 seconds after the start of the tissue
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ablation (e.g., a series of monophasic pulses having
amplitudes of approximately 1.5 millivolts). In this regard,
Figures 8A-8C show concurrent display of intra-cardiac
electrogram 535a (e.g., an example of concurrently dis-
played first data set 540a) and data sets (e.g., data points
in some embodiments) of the second data superset 540b
(e.g., at least part of the distribution 539). Also in this
regard, Figures 8B-8C show monophasic intra-cardiac
electrogram 535a reducing in amplitude with each se-
quential display of each of at least some of the plurality of
the data sets (e.g., data points in some embodiments) of
the second data superset 540b (e.g., at least part of the
distribution 539).

[0195] Although Figures 8A-8C (as well as Figures
8D-8F, discussed further below) show an electrogram
535a, which has not been low-pass filtered, a low-pass
filtered electrogram (e.g., like electrogram 535a-1 in
Figure 7E) may instead be displayed (e.g., as at least
part of one of the subpanels displaying at least one of the
intra-cardiac electrograms 535 shown in the panel of
intra-cardiac electrograms displayed by the graphical
representation in Figures 5L and 5M), even if a non-
low-pass filtered version of the electrogram is used to
generate the second data superset 540b. However, sec-
ond data superset 540b may be derived from low-passed
filtered intra-cardiac voltage data. In at least some em-
bodiments, a displayed non-low-pass filtered electro-
gram (e.g., electrogram 535a in Figure 7A) may undergo
a biphasic (e.g., portion 536a in Figure 7A) to monopha-
sic (e.g., portion 536b in Figure 7A) transformation during
sequential display of the data sets (e.g., data points in
some embodiments) of the second data superset 540b
(e.g., at least part of the distribution 539) through the
sequence of Figures 8A-8C.

[0196] In some embodiments, the data processing
device system (e.g., 110, 310) may monitor the displayed
progression in the generation of the currently displayed
second data set 540b during the ablation process to
identify when the plateau region in the second data set
540b occurs, and provide an indication or notification to a
user that the transmural lesion has been achieved in
response to the identification of the plateau region. A
determination of transmurality may indicate that the ab-
lation process may be stopped, and thereby reduce the
procedure time or reduce patient exposure to further
ablation. In some embodiments, the ablation termination
instructions responsive to values of the data sets in the
concurrently displayed second data set 540b may auto-
matically cause termination of the application of ablative
energy when certain conditions indicating possible trans-
murality in the ablated tissue (e.g., conditions described
above) are indicated by the concurrently displayed sec-
ond data 540a.

[0197] The displaying of the plurality of data sets (e.g.,
data points, in some embodiments) of the second data
superset 540b (e.g., at least part of the distribution 539)
among at least a portion of the intra-cardiac electrogram
535a in Figures 8A, 8B, and 8C allows a user to concur-
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rently and easily assess both sets of information through-
out the tissue ablation. In some embodiments, unlike
Figures 8A, 8B, and 8C, the concurrently displayed first
data set 540a and the concurrently displayed second
data set 540b are not displayed in a superimposed con-
figuration. In some embodiments, voltage scales for the
concurrently displayed first data set 540a and the con-
currently displayed second data set 540b that are differ-
ent than those shown in Figures 8A, 8B, and 8C are
employed. For example, Figures 8D, 8E, and 8F corre-
spond to respective ones of the sequence of data
changes in the concurrently displayed first data set
540a and the concurrently displayed second data set
540b shown in Figures 8A, 8B and 8C. In Figures 8D,
8E, and 8F, intra-cardiac electrogram 535-1 is represen-
tative of a concurrently displayed first data set 540a-1 and
distribution 539 is representative of a concurrently dis-
played second data set 540b-1. A voltage scale for the
concurrently displayed second data set 540b-10of Figures
8D, 8E and 8F is different than a voltage scale for the
concurrently displayed second data set 540b of Figures
8A, 8B and 8C. Itis noted that various information such as
X axis or Y axis information (e.g., title information, scale
information) may not be displayed in various embodi-
ments, but is included herein for the convenience of
discussion.

[0198] As described above, in various embodiments,
each of the data sets (e.g., data points in some embodi-
ments) in the distribution 539 (e.g., an embodiment of a
concurrently displayed second data superset 540b) are
derived at least in part from a peak value or maximum
value of a portion of the monophasic intra-cardiac elec-
trogram derived from data sampled during respective
one of plurality of the cardiac cycles. Ideally, this portion
typically corresponds (e.g., temporally) to a portion of the
intra-cardiac electrogram impacted by the ablation pro-
cess (e.g., a particular portion of the intra-cardiac elec-
trogram undergoing a reduction in amplitude with in-
creased ablation time). In various embodiments, this
decaying portion of the intra-cardiac electrogram typi-
cally corresponds to the P wave portion of the electro-
cardiogram or between the P wave and Q wave portions
of the electrocardiogram. However, also contributing to
the observed electrogram waveform is the far-field signal
of the V wave (a consequence of ventricular depolariza-
tion). If the V wave contribution is sufficiently strong, the V
wave may be larger in magnitude than the decaying
monophasic waveform associated with an active ablation
of the tissue. For example, intra-cardiac electrograms
derived from data sampled relatively closer to the mitral
valve will typically have relatively stronger V wave com-
ponents than intra-cardiac electrograms derived from
data sampled relatively farther from the mitral valve
and thus typically comprise a dominant V wave compo-
nent. In some embodiments, it may be preferable to
configure the data processing device system (e.g.,
110, 310) to identify the maximum or peak voltage values
associated with the ablation induced decaying portions of
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the intra-cardiac electrogram. However, it may be rela-
tively difficult to distinguish between the ablation-induced
decaying portions of the intra-cardiac electrogram and
the V wave contribution when the V wave is especially
dominant or pronounced. This effect can be especially
prominentwhen the ablation-induced decaying portion of
the intra-cardiac electrogram has decayed to levels suffi-
cient to make a determination that the ablated tissue
region has become transmural, but transmurality cannot
be identified because these levels are lower in magnitude
than the V wave amplitude. In the extreme, an erroneous
indication of transmurality may be arrived at (e.g., afalse
indication of transmurality) when V wave data is mista-
kenly employed.

[0199] For example, Figures 9A, 9B, and 9C show
respective portions of a low-pass-filtered monophasic
intra-cardiac electrogram 535b derived from intra-cardi-
ac voltage data sampled by a particular electrode (e.g.,
an electrode 315, 415) over each of three different time
periods after the start of ablation of cardiac tissue. In
some embodiments, the sensing or sampling electrode
also transmits the tissue ablative energy during each of at
least the plurality of cardiac cycles represented in the
respective Figures 9A-9C. In Figure 9A, intra-cardiac
voltage data is sampled during a time period of 5.5
seconds to 7.5 seconds after the start of ablation. In
Figure 9B, intra-cardiac voltage data is sampled during
a time period of 28 seconds to 30 seconds after the start
of ablation. In Figure 9C, intra-cardiac voltage data is
sampled during a time period of 58 seconds to 60 sec-
onds after the start of ablation. A respective peak 537b
marks a peak or maximum value of each respective
cardiac cycle (e.g., a respective ablation-decay portion
of the intra-cardiac electrogram 537b), a value of each
successive peak 537b modulating (e.g., growing and
decaying) as the ablation progresses in a manner the
same as or similar to that described above. In some
embodiments, each peak 537b corresponds to a region
between the P wave and Q wave of the electrocardio-
gram 523b. Itis noted thatthe V waves in Figures 9A, 9B,
and 9C decay slowly throughout the ablation and remain
at levels plateauing around 2 millivolts throughout the
ablation. As will be apparent to those skilled in the art, the
data processing device system (e.g., 110, 310) may be
configured to identify a maximum or peak value asso-
ciated with the ablation-decaying portion of each cardiac
cycleintheintra-cardiac electrogram (e.g., portions com-
prising peak 537b). However, if precautions are not ta-
ken, such maximum or peak value may be incorrectly
identified as a value associated with the VV wave portion of
the intra-cardiac electrogram, which typically decays at a
much slower rate than the decaying portion of the intra-
cardiac electrogram when the V wave portion is espe-
cially prominent or dominant (for example, as in the
illustrated example embodiments). This situation can
subsequently lead to an erroneous determination of ab-
lated tissue transmurality. It is noted in Figure 9C that
various ones of the peaks 537b have reduced in ampli-
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tude during the ablation while corresponding respective
ones of the V waves have greater amplitudes.

[0200] Precautions that avoid such erroneous identifi-
cation of the maximum or peak value associated with the
ablation-decaying portion of each cardiac cycle in the
intra-cardiac electrogram (e.g., portions comprising peak
537b) may include excluding the V wave portion in each
cardiac cycle of the electrogram in the determination of
such maximum or peak value. For instance, Figure 6E
shows an exploded view of the computer-executable
data derivation instructions associated with block 602-f
(i.e., provided in Figure 6D) employed according to some
embodiments. The data derivation instructions asso-
ciated with block 602-f may cause a derivation, for each
respective one of the plurality of cardiac cycles, of a
respective one of a plurality of data sets (e.g., data points
in distribution 539 or 539a, according to some embodi-
ments), at least in part from a respective portion of the
intra-cardiac voltage data sampled by the electrode dur-
ing the respective one of the plurality of cardiac cycles. In
various embodiments, the derived data sets (e.g., form-
ing at least part of the distribution 539 or 539a, according
to some embodiments) are caused to be displayed via the
input-output device system (e.g., by display instructions
associated with block 604). Excludable data identifica-
tion instructions may be associated with block 602-g, the
excludable data identification instructions configured to
cause identification, for each respective one the plurality
of cardiac cycles, of a particular portion (e.g., a V wave
portion, according to some embodiments) of the intra-
cardiac voltage data sampled (e.g., by an electrode 315,
415) during the respective one of the cardiac cycles as an
excludable portion of the intra-cardiac voltage data
sampled during the respective one of the plurality of
cardiac cycles. In various embodiments, each of identi-
fied excludable portions of the intra-cardiac voltage data
includes some, but not all, of the intra-cardiac voltage
data sampled during the respective one of the plurality of
cardiac cycles. Instructions associated with block 602-h
include data derivation instructions configured to derive,
for each respective one of a plurality of cardiac cycles, a
respective one of a plurality of data sets (e.g., data points
in distribution 539 or 539a, according to some embodi-
ments) at least in part from a portion of the intra-cardiac
voltage data sampled during the respective one of the
plurality of cardiac cycles, each respective one of the
plurality of data sets derived only from particular data that
excludes the identified (e.g., via the computer-executa-
ble instructions associated with block 602-g) excludable
portion (e.g., the V wave portion, according to some
embodiments) of the intra-cardiac voltage data during
the respective one of the plurality of cardiac cycles.
[0201] Forexample,ineach of Figures 9A, 9B, and 9C,
particular portions of the sampled portions the intra-car-
diac voltage data corresponding to a respective one of
portions 542 of the intra-cardiac electrogram 535b may
be identified via the instructions associated with block
602-g as corresponding to or be excludable portions of
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the sampled intra-cardiac voltage data. In some embodi-
ments, each excludable portion includes some but not all
of the intra-cardiac voltage data sampled during a re-
spective one of the plurality of cardiac cycles. In some
embodiments, each excludable portion excludes a por-
tion of the intra-cardiac voltage data corresponding to the
particular V wave of the intra-cardiac electrogram 535b
portion corresponding to the respective cardiac cycle.
Accordingly, in some of these particular embodiments,
excluding the excludable portions of the sampled intra-
cardiac voltage data allows for derivation of the each of
the data sets based at least on a maximum or peak value
of a relevant ablation-induced decaying portion (e.g.,
represented by an electrogram portion comprising a peak
537b) of the sampled intra-cardiac voltage data, while
eliminating the risk that a maximum or peak value of a
non-ablation-induced decaying portion (e.g., a V wave
portion) is instead identified. In some embodiments, ex-
cluding intra-cardiac voltage data from when the V wave
is present permits the ablation-driven decay of the mono-
phasic amplitude to be accurately reflected and allows, in
some embodiments, a more accurate transmurality de-
termination.

[0202] Various excludable portions of the sampled in-
tra-cardiac voltage data may be identified in different
manners according to various embodiments. For exam-
ple, Figure 6F shows some implementation details of
various embodiments of method 600 according to some
embodiments. In this regard, blocks 616 and 618 may be
located, in some embodiments, immediately before block
602-g in block 602-f in Figure 6E. In particular, block 616
may be associated with cardiac event identification in-
structions configured to cause a data processing device
system (e.g., 110, 310) to identify a respective occur-
rence of a particular cardiac event in each of the plurality
of cardiaccycles, e.g., from the intra-cardiac voltage data
sampled by the respective electrode. Block 618 is asso-
ciated with data identification instructions configured to
identify a respective excludable first portion of the intra-
cardiac voltage data identified in accordance with a pre-
determined temporal relationship with the respective
occurrence of the particular cardiac event identified in
the respective one of the plurality of cardiac cycles. In
some embodiments, the excludable data identification
instructions associated with block 602-g (i.e., Figure 6E)
are configured to identify each excludable portion of the
intra-cardiac voltage data sampled during the respective
one of the plurality of cardiac cycles as being or at least
including the identified respective excludable first portion
(i.e., identified via the computer-executable instructions
associated with block 618) occurring in the respective
one of the plurality of cardiac cycles. For instance, an
excludable portion (e.g., a V wave portion) within a car-
diac cycle of an intra-cardiac electrogram may be identi-
fied according to the instructions associated with block
618 as being or at least including a first portion of the
corresponding intra-cardiac voltage data sampled by the
respective electrode, the first portion having a predeter-
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mined temporal relationship with a respective occurrence
of a particular event within the cardiac cycle identified
according to the instructions associated with block 618.
An example of the cardiac event, as described in more
detail below, may be an R wave in an electrocardiogram,
or some other cardiac event, such that the V wave portion
has a predetermined temporal relationship (e.g., occurs
contemporaneously) with the R wave or other cardiac
event, according to some embodiments. The data deri-
vation instructions (i.e., associated with block 602-h) may
be configured according to various embodiments to de-
rive, for each respective one of the plurality of cardiac
cycles, a respective one of the plurality of data sets at
least in part from a respective second portion of the
sampled intra-cardiac voltage data during the respective
one of the plurality of cardiac cycles, each respective one
of the plurality of data sets derived only from particular
data (which may be or at least include the second portion
of the sampled intra-cardiac voltage data, according to
some embodiments) that excludes the excludable por-
tion of the intra-cardiac voltage data identified in the
respective one of the plurality of cardiac cycles, each
excludable portion including the respective first portion
(i.e., identified via the computer-executable instructions
associated with block 618) identified in the respective
one of the plurality of cardiac cycles.

[0203] In some embodiments, the cardiac event iden-
tification computer-executable instructions associated
with block 616 are configured to identify the respective
occurrence of the particular cardiac event in each re-
spective one of the plurality of cardiac cycles from data
other than the sampled intra-cardiac voltage data (e.g.,
data other than the sampled intra-cardiac voltage data
employed to generate intra-cardiac electrogram 535b in
Figures 9A, 9B, and 9C). For example, in some embodi-
ments, the respective occurrence of the particular cardi-
ac event in each of the respective one of the plurality of
cardiac cycles is identified from electrocardiogram data.
For example, the particular R wave in each particular
cardiac cycle in electrocardiogram 523b in Figures 9A,
9B, and 9C may be identified as the particular cardiac
event, because it is typically readily identifiable as it
comprises a maximum magnitude or amplitude (e.g., a
maximum absolute voltage value in the electrocardio-
gram data 523b) as compared to the respective peak
values of the respective other waves associated with the
particular cardiac cycle in the electrocardiogram 523b
(i.e., each particular R wave has the greatest peak value
as compared to the peak values of the other waves which
combined with the particular R wave make up a respec-
tive one of the cardiac cycles). In some embodiments, the
data processing device system (e.g., 110, 310) is con-
figured to identify or locate each of the R waves. For
example, a threshold sufficiently above typical P wave, Q
wave, S wave, and T wave peak values may be set, and
an average or median value of the corresponding times of
the portions of the electrocardiogram data above the
threshold may be employed to determine the location
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of each R wave in its respective cardiac cycle.

[0204] In various embodiments, a particular time as-
sociated with the occurrence of each ofthe Rwaves (e.g.,
atime corresponding to the peak of the identified R wave)
is identified. In some embodiments, each excludable
portion of the sampled intra-cardiac portion of the intra-
cardiac data is determined in accordance with a prede-
termined temporal relationship with a respective identi-
fied times. For example, in Figures 9A, 9B, and 9C, each
portion 542 of intra-cardiac electrogram 535b corre-
sponds to the identified particular time of a respective
one of the R waves. In these particular illustrated embo-
diments, a bilateral time interval is determined for each
identified particular time of a respective one of the R
waves, the bilateral time interval defining extents of each
portion 542 of intra-cardiac electrogram 535b. In these
particularillustrated embodiments, each time intervalis a
predetermined time interval that includes the identified
particular time of a respective one of the R waves. In
various embodiments, portions of the intra-cardiac vol-
tage data sampled during each of the time intervals are
identified as excludable portions and are excluded from
the determination of the data sets.

[0205] Invarious embodiments, the bilateral time inter-
val comprises an equal time interval on each side of the
identified particular time associated with the occurrence
of the R wave as the particular cardiac event, while in
other embodiments the bilateral time interval comprises
an unequal time interval on each side of the identified
particular time. In some embodiments, a unilateral time
interval is determined in which the identified particular
time forms a beginning or end thereof. In some particular
embodiments, each of the portions 542 has been se-
lected sufficiently large to allow for the exclusion of intra-
cardiac voltage data corresponding to a respective one of
the V waves in the intra-cardiac electrogram data. In
some embodiments, each of the portions 542 has been
selected sufficiently large to allow for the exclusion of
intra-cardiac voltage data corresponding to a respective
one of the V waves in the intra-cardiac electrogram data
without including portions of the intra-cardiac electro-
gram 535b that include a respective one of peaks 537b.
[0206] Itis noted that various ones of the portions 542
may be defined from other forms of time intervals in other
embodiments. For example, a group of time intervals,
each spanning different amounts of time, may be em-
ployed in some embodiments. In some embodiments, a
unilateral time interval is defined for each of at least some
of the identified particular cardiac events. In various
embodiments, the data identification instructions asso-
ciated with block 618 are configured to identify each
respective first portion (which may represent all or a
portion of the excludable portion, e.g., 542) of the
sampled intra-cardiac data as including a portion of the
intra-cardiac voltage data sampled at least in part during
the occurrence of the particular cardiac eventidentified in
the respective one of the plurality of cardiac cycles (for
example, as shown in Figures 9A, 9B, and 9C). In various
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embodiments, the data identification instructions asso-
ciated with block 618 are configured to identify each
respective first portion (which may represent all or a
portion of the excludable portion, e.g., 542) of the
sampled intra-cardiac data as including a portion of the
intra-cardiac voltage data sampled at least in part after
the occurrence of the particular cardiac eventidentified in
the respective one of the plurality of cardiac cycles. In
various embodiments, the data identification instructions
associated with block 618 are configured to identify each
respective first portion (which may represent all or a
portion of the excludable portion, e.g., 542) of the
sampled intra-cardiac data as including a portion of the
intra-cardiac voltage data sampled at least in part before
the occurrence of the particular cardiac eventidentified in
the respective one of the plurality of cardiac cycles. In
some embodiments, the data identification instructions
associated with block 618 are configured to identify each
respective first portion (which may represent all or a
portion of the excludable portion, e.g., 542) of the
sampled intra-cardiac data as not including any portion
of the intra-cardiac voltage data sampled during a time of
the occurrence of the particular cardiac eventidentified in
the respective one of the plurality of cardiac cycles.
[0207] In some embodiments, the particular cardiac
event may be identified from the particular intra-cardiac
electrogram that corresponds to the sampled intra-car-
diac voltage data or from another intra-cardiac electro-
gram (for example another intra-cardiac electrogram
derived from intra-cardiac voltage data sampled by a
second electrode). In various embodiments, multiple in-
tra-cardiac electrograms are concurrently displayed
(e.g., Figures 5L and 5M). In some of these various
embodiments, each of the electrograms is derived from
voltage data sampled by a respective one of a plurality of
electrodes (e.g., electrodes 315, 415). The plurality of
electrodes may sample the voltage data concurrently in
some embodiments. In some embodiments, at least one
particular one of the intra-cardiac electrograms may have
a particular pronounced portion representative of a par-
ticular cardiac event that is presentin each of the plurality
of cardiac cycles (e.g., a pronounced V wave portion).
The at least one particular one of the intra-cardiac elec-
trograms may be used as a basis for the determination of
the excludable portions in other ones of the intra-cardiac
electrograms (for example, in a manner similar to the
electrocardiogram methods described above).

[0208] The V wave inintra-cardiac electrograms or the
R wave in electrocardiograms is typically associated with
ventricular systole. In some embodiments, the particular
cardiac eventis not identified from electrocardiograms or
electrograms, but rather from transducer data represen-
tative of blood pressure data. For example, in some
embodiments, the cardiac event identification instruc-
tions associated with block 616 are configured to identify
from blood pressure data the respective occurrence of
the particular cardiac event in each respective one of the
plurality of cardiac cycles as a respective occurrence of
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ventricular systole during the respective one of the plur-
ality of cardiac cycles.

[0209] Itis noted thatin some embodiments, the parti-
cular cardiac event identified by the cardiac event in-
structions associated with block 616 is not limited to
events associated with ventricular systole (e.g., an R
wave or V wave). Without limitation, other particular
cardiac events that may occur or repeat in each of the
plurality of cardiac cycles and which are sufficiently de-
tectable such that a first portion (which may represent all
or a portion of the excludable portion, e.g., 542) of the
sampled intra-cardiac voltage data sampled during a
respective one of the cardiac cycles can be identified
in accordance with a predetermined temporal relation-
ship with the particular cardiac event identified in the
respective one of the cardiac cycles may be employed
by some embodiments. Without limitation, the cardiac
event identification instructions associated with block
616 may be configured, in some embodiments, to identify
the respective occurrence of the particular cardiac event
in each respective one of a plurality of cardiac cycles as a
respective occurrence of at least part of a QRS complex
in electrocardiogram data during the respective one of
the cardiac cycles, a respective occurrence of P wave in
electrocardiogram data during the respective one of the
cardiac cycles, or a respective occurrence of T wave in
electrocardiogram data during the respective one of the
cardiac cycles. Without limitation, the cardiac eventiden-
tification instructions associated with block 616 may be
configured, in some embodiments, to identify the respec-
tive occurrence of the particular cardiac event in each
respective one of the plurality of cardiac cycles as a
respective occurrence of ventricular systole during the
respective one of the cardiac cycles, a respective occur-
rence of ventricular diastole during the respective one of
the cardiac cycles, a respective occurrence of atrial
systole during the respective one of the cardiac cycles
or a respective occurrence of atrial diastole during the
respective one of the cardiac cycles.

[0210] In some embodiments, the excludable data
identification instructions associated with block 602-g
are configured to identify the excludable portion of the
intra-cardiac voltage data sampled during a respective
one of the plurality of cardiac cycles as a first portion
(which may represent all or a portion of the excludable
portion, e.g., 542) of the intra-cardiac voltage data
sampled during the respective one of the plurality of
cardiac cycles, the first portion being identified as includ-
ing a peak value, a maximum value or maximum absolute
value of the intra-cardiac voltage data sampled during the
respective one of the plurality of cardiac cycles. In some
embodiments, each identified first portion (which may
represent all or a portion of the excludable portion, e.g.,
542) of the intra-cardiac voltage data includes some but
not all of the intra-cardiac voltage data sampled during
the respective one of the plurality of cardiac cycles. In
some embodiments, each of these first portions is iden-
tified as part of, or in response to, the identification of a
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particular cardiac event (for example, as per the instruc-
tions associated with block 616 and 618) in a respective
one of a plurality of cardiac cycles. In some embodi-
ments, a particular cardiac event is not necessarily iden-
tified as a precursor to the identification of at least some of
the first portion which may include a peak value, a max-
imum value, or maximum absolute value of the intra-
cardiac voltage data sampled during the respective
one of the plurality of cardiac cycles. For example, in-
tra-cardiac voltage data sampled by an electrode (e.g.,
315, 415) at a position proximal to a mitral valve typically
will include a V wave portion that includes a peak or
maximum value as compared with the rest of the intra-
cardiac voltage data sampled by the electrode during a
particular one of the cardiac cycles (for example, as
shown in Figure 9C). Accordingly in these particular
embodiments, a portion of the intra-cardiac voltage value
including a peak value, a maximum value, or maximum
absolute value of the intra-cardiac voltage data sampled
during a respective one of the plurality of cardiac cycles
may be directly identified as an excludable portion of the
intra-cardiac voltage data sampled during the respective
one of the plurality of cardiac cycles.

[0211] Figure 9D shows a group of concurrently dis-
played data sets similar to those shown in Figure 8C, the
concurrently displayed data sets displayed in accor-
dance with various display instructions (e.g., the display
instructions associated with block 604 ). In some embodi-
ments, the concurrently displayed data sets are shown
and are derived from data sampled from particular car-
diac cycles occurring within approximately 60 seconds
from the start of the ablation, and are derived in particular
from the intra-cardiac voltage data associated with var-
ious ones of Figures 9A, 9B, and 9C. The concurrently
displayed data sets (which may be voltage magnitude
sets and may be frequency-weighted, as discussed
above) include a concurrently displayed first data set
(or superset) 540c and a concurrently displayed second
data set (or superset) 540d. In some embodiments, both
the concurrently displayed first data set 540c and the
concurrently displayed second data set 540d are con-
currently displayed. In some embodiments, the first data
set 540c includes intra-cardiac electrogram 535b and, in
particular, displays a representation of the sampled intra-
cardiac voltage sampled across a plurality of cardiac
cycles during a period of time between 58 and 60 sec-
onds after the start of ablation. In some embodiments, the
second data set 540d includes a distribution 539a of data
sets (e.g., plotted points along distribution 539a), each of
the data sets derived from at least some of the intra-
cardiac voltage data sampled across a plurality of cardiac
cycles during a period of time between a time just after
that start of ablation and a time of approximately 60
seconds afterthe start of ablation. In some embodiments,
each data set in the second data superset 540d is a
respective one of a plurality of voltage magnitude sets.
In some embodiments, and in a manner similar to various
embodiments described above, each of the data sets in
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the second data superset 540d include data representa-
tive of a difference between two values (e.g., a difference
between a maximum value and a minimum value (e.g., a
maximum peak-to peak value)) of at least some of the
intra-cardiac voltage data sampled during a respective
one of the plurality of cardiac cycles, the difference being
calculated from a sampling time excluding the excludable
portion 542 in the respective one of the plurality of cardiac
cycles, according to some embodiments. In some embo-
diments, other forms of data sets may be provided by the
second data superset 540d. For example, each of the
data sets in the second data set 540d may include data
representative of amaximum value of atleast some of the
intra-cardiac voltage data sampled during a respective
one of the plurality of cardiac cycles (e.g., excluding the
respective excludable portion 542, according to some
embodiments). In some embodiments, each of the data
sets in the second data set 540d includes a voltage
magnitude set that is frequency-weighted, e.g., as dis-
cussed above with respect to Figure 7E.

[0212] In some embodiments, as shown in Figure 9D,
the concurrently displayed data sets in the second data
set (or superset) 540d are displayed among at least a
portion of the intra-cardiac electrogram 535b (e.g., con-
currently displayed data sets of the first data set (or
superset) 540c). In some embodiments according to
Figure 9D, the concurrently displayed data sets in the
second data set 540d are displayed in an overlapping or
superimposed configuration with at least part of the intra-
cardiac electrogram 535b (e.g., which represents con-
currently displayed data sets of the first data set 540c). In
some embodiments according to Figure 9D, the activa-
tioninstructions associated with block 614 are configured
to cause the electrode (e.g., 315, 415) that samples the
intra-cardiac voltage data to also transmit energy suffi-
cientfor tissue ablation atleast during the sampling of the
intra-cardiac voltage data by the electrode during each of
the plurality of cardiac cycles.

[0213] In some embodiments according to Figure 9D,
each of the data sets (e.g., data points) in the distribution
539a is derived via the computer-executable instructions
associated with block 602-h and, in particular, in accor-
dance with blocks 616 and 618. That is, each of the data
sets in the second data set 540d is derived only from
particular data that excludes an identified excludable
potion (e.g., 542) of the intra-cardiac voltage data
sampled during a respective one of the plurality of cardiac
cycles.

[0214] In some embodiments according to Figure 9D,
the first data set 540c includes data derived from a
respective portion of the intra-cardiac voltage data
sampled by the electrode during each respective one
of the plurality of cardiac cycles, each respective portion
including at least some of the intra-cardiac voltage data
thatis excluded (e.g., forms part of an excludable portion)
in the derivation of a particular data setin the second data
set 540d derived from the intra-cardiac voltage data
sampled during the respective one of the cardiac cycles.
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For example, the first set data 540c (e.g., intra-cardiac
electrogram 535b) may be derived in accordance with
various derivation instructions at least in part from intra-
cardiac voltage data sampled during a plurality of times in
a first cardiac cycle of the plurality of cardiac cycles, the
plurality of times including at least a first time in the first
cardiac cycle and a second time in the first cardiac cycle
occurring after the first time in the first cardiac cycle. For
example, Figure 9C includes a representation of the
intra-cardiac electrogram 535b associated with a period
oftime spanning 58-60 seconds from the start of ablation.
Anincludable first portion 543a of the electrogram 535b is
derived from intra-cardiac voltage data sampled during a
first time in a first cardiac cycle (e.g., afirst cardiac cycle
represented by the respective portions in the electrocar-
diogram 523b indicated as P1, Q1,R1,S1and T1)and a
second portion 542a derived from intra-cardiac voltage
data sampled during a second time in the first cardiac
cycle. However, each of the data sets (e.g., voltage
magnitude sets) in the second data set (or superset)
540d have been derived in some embodiments from
particular data that excludes an excludable portion
(e.g., a portion 542) of the intra-cardiac voltage data
sample during a respective one of the cardiac cycles.
In some embodiments, portion 542a is a member of, or
forms part of, atleast a portion 542, and while used in the
derivation of at least part of the first data set 540c, does
not form part of the particular data from which the second
data set 540d is only derived from. In some embodiments
according to Figure 9D, the first data set 540c is repre-
sented as a first graphical distribution of data, and the
second data set 540d (e.g., distribution 539a, like dis-
tribution 539) is represented as a second graphical dis-
tribution of data. The second graphical distribution of data
may be derived only from particular data excluding re-
spective portions (or particular parts) 542, each portion
(or part) 542 including some, but not all, intra-cardiac
voltage data sampled by the electrode during the respec-
tive cycle. The first graphical distribution (e.g., first data
set 540c or electrogram 535b) may be derived from data
that includes the respective portions (particular parts)
542. In some embodiments according to Figure 9D,
the second data set 540d is derived only from particular
data that excludes at least some of the intra-cardiac
voltage data sampled during the second time (e.g., por-
tion 542a) in the first cardiac cycle, but also includes at
least some of the intra-cardiac voltage data sampled by
an electrode (e.g., 315, 415) during the first time in the
first cardiac cycle and sampled by the electrode during a
second cardiac cycle (e.g., a second cardiac cycle re-
presented by the respective portions in the electrocar-
diogram 523b indicated as P2, Q2, R2, S2 and T2 in
Figure 9C). In some embodiments, transmission to the
electrode of energy sufficient for tissue ablation occurs
during the first and second cardiac cycles. In some
embodiments according to Figure 9D, the particular data
from which the second data set 540d is derived excludes
at least a portion of the intra-cardiac voltage data
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sampled during an occurrence of ventricular systole in
the first cardiac cycle. In some embodiments, the parti-
cular data from which the second data set 540d is derived
excludes a maximum absolute value of the intra-cardiac
voltage data sampled during the first cardiac cycle. For
example, with reference to Figure 9C, the excluded por-
tion 542a includes a portion of the V wave, the V wave
having a peak value or maximum absolute value as
compared to other values of the intra-cardiac electro-
gram 535 associated with this particular cardiac cycle
(e.g., the first cardiac cycle).

[0215] In various embodiments, the concurrently dis-
played second data set 540d includes data derived from
(a) a minimum value of the intra-cardiac voltage data
sampled during the firsttime in the first cardiac cycle; (b) a
maximum value of the cardiac voltage date sampled
during the first time in the first cardiac cycle; or both (a)
and (b). In some embodiments, the concurrently dis-
played second data set includes data derived at least
in part from a mean value of the cardiac voltage data
sampled during the first time in the first cardiac cycle. ltis
noted in various embodiments, that the first time in the
first cardiac cycle can be any time (e.g., a continuous or
discontinuous time interval) in the first cardiac cycle other
than the second time. In this regard, in some embodi-
ments, each respective one of the plurality of data sets is
derived atleast in part from at least one respective part of
a portion, other than the excludable portion 542 (e.g.,
542a), of the intra-cardiac voltage data sampled by an
electrode (e.g., 315, 415) during a respective one of the
plurality of cardiac cycles. The at least one respective
part may include a first respective part including a mini-
mum value, a second respective part including a max-
imum value, or both the first respective part and the
second respective part, the minimum value and the max-
imum value being compared with other parts of the
respective portion (which excludes the respective ex-
cludable portion 542, in some embodiments) of the in-
tra-cardiac voltage data sampled by the electrode during
the respective one of the plurality of cardiac cycles. In this
regard, the at least one respective part may include a
maximum absolute value in the respective one of the
respective portion (which excludes the respective ex-
cludable portion 542, in some embodiments) of the in-
tra-cardiac voltage data sampled by the electrode during
the respective one of the plurality of cardiac cycles.
[0216] In this particular illustrated embodiment, the
concurrently displayed second set 540d includes first
data representative of a difference between two voltage
values (e.g., a difference between a maximum value and
a minimum value) of the intra-cardiac voltage data
sampled during the first cardiac cycle (e.g., excluding
the respective excludable portion 542, in some embodi-
ments), and second data representative of a difference
between two voltage values (e.g., a difference between a
maximum value and a minimum value) of the intra-car-
diac voltage data sampled during the second cardiac
cycle (e.g., excluding the respective excludable portion



103

542, in some embodiments). For example, each of the
plurality of data sets (e.g., data points, in some embodi-
ments) in the second data set 540d may include data
representative of a difference between a maximum value
and a minimum value in the respective portion (which
may exclude the respective excludable portion 542) of
the intra-cardiac voltage data sampled by the electrode
during the respective one of the plurality of cardiac cy-
cles. In some embodiments, the concurrently displayed
second data set 540d includes data representative of a
peak value or a maximum absolute value of the intra-
cardiac voltage values sampled during the first time in the
first cardiac cycle.

[0217] Invarious embodiments associated with Figure
9D, the concurrently displayed first data set 540c (e.g.,
forming some or all of intra-cardiac electrogram 535b)
may be derived at least in part, not only from at least part
of the intra-cardiac voltage sampled by an electrode
(e.g., 315, 415) during a first cardiac cycle, but also from
a second cardiac cycle. For example, the intra-cardiac
electrogram 535b may be derived from intra-cardiac
voltage data sampled by an electrode over multiple con-
secutive cardiac cycles. In some embodiments, the first
data set 540c may be derived from a particular portion of
the intra-cardiac voltage sampled by the electrode during
the second cardiac cycle, while this particular portion
(e.g., an excludable portion 542) may be excluded from
derivation of the second data set 540d in this second
cardiac cycle.

[0218] In Figure 9D, the displayed intra-cardiac elec-
trogram 535b is or includes at least a portion of a mono-
phasic intra-cardiac electrogram in which each portion
thereof that corresponds to a respective one of the car-
diac cycles is represented by a monophasic waveform
(e.g., as discussed above with respect to monophasic
portion 536b). In particular, in Figure 9D, the displayed
portion of the intra-cardiac electrogram 535b includes a
first monophasic portion of a part or portion of the intra-
cardiac electrogram derived from at least some of the
intra-cardiac voltage data sampled during the first cardi-
ac cycle and a second monophasic portion of a part or
portion of the other intra-cardiac electrogram 535b de-
rived from at least part of the intra-cardiac voltage data
sampled during the second cardiac cycle. Electrocardio-
gram 523b is also included in Figure 9D.

[0219] Itis noted that, in like embodiments associated
with Figures 8A, 8B, and 8C and embodiments asso-
ciated with Figures 8D, 8E, and 8F, the various display
instructions (e.g., display instructions associated with
block 604) may be configured to concurrently display
the second data set 540d at least by displaying (a) the
dataincluded in the second data set 540d and derived at
least in part from the at least some of the intra-cardiac
voltage data sampled during the second cardiac cycle
sequentially after (b) the data included in the second data
set540d and derived atleastin part from the intra-cardiac
voltage data sampled during the first time in the first
cardiac cycle while continuing to display (b) to cause
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both (a) and (b) to be concurrently displayed. In this
regard, it is noted, that the first and second data sets
540c, 540d shown in Figure 9D may undergo similar
transformations as described above in the various em-
bodiments with Figures 8A, 8B, and 8C and embodi-
ments associated with Figures 8D, 8E, and 8F during
various time intervals occurring during the ablation be-
fore the 58 second mark associated with Figure 9D or
during various time intervals occurring during the ablation
after the 60 second mark associated with Figure 9D.

[0220] Accordingly, in various embodiments, although
Figures 9A-9D show electrogram 535b, which has been
low-pass filtered pursuant to the discussions above with
regard to Figure 7E, a non-low-pass filtered electrogram
(e.g., akin to electrogram 535a in Figure 7A) may instead
be displayed (e.g., as atleast part of one of the subpanels
displaying at least one of the intra-cardiac electrograms
535 shown in the panel of intra-cardiac electrograms
displayed by the graphical representation in Figures 5L
and 5M), even if a low-pass filtered version of the elec-
trogram is used to generate the second data superset
540d. In at least some of such embodiments, the dis-
played non-low-pass filtered electrogram (e.g., akin to
electrogram 535a Figure 7A) may undergo a biphasic
(e.g., portion 536a in Figure 7A) to monophasic (e.g.,
portion 536b in Figure 7A) transformation during sequen-
tial display (e.g., displayed revealing) of the data sets
(e.g., data points in some embodiments) of the second
data superset 540d (e.g., at least part of the distribution
539a) over time (assuming that electrogram 535b is
replaced with an electrogram akin to 535a in some em-
bodiments). Similarly, in at least some of such embodi-
ments, the displayed non-low-pass filtered electrogram
(e.g., akin to electrogram 535a Figure 7A) may include a
firstmonophasic portion derived from at least some of the
intra-cardiac voltage data sampled during a first cardiac
cycle of the plurality of cardiac cycles and a second
monophasic portion derived from at least part of the
intra-cardiac voltage data sampled during a second car-
diac cycle of the plurality of cardiac cycles (e.g., a second
cardiac cycle occurring after the first cardiac cycle). The
first monophasic portion and the second monophasic
portion may be displayed with an amplitude of the first
monophasic portion of the displayed portion of the intra-
cardiac electrogram (e.g., akin to electrogram 535a)
being greater than an amplitude of the second mono-
phasic portion of the displayed portion of the intra-cardiac
electrogram (e.g., akin to electrogram 535a). For exam-
ple, note the reduction in the amplitude peaks of intra-
cardiac electrogram 535a between 8 and 11 seconds in
Figure 7A, as discussed above. Similarly, in atleast some
of such embodiments, the display instructions associated
with block 604 may be configured to cause the input-
output device system (e.g., 120, 320) to display a non-
low-pass filtered electrogram (e.g., akin to electrogram
535a Figure 7A, instead of low-pass filtered electrogram
535b in Figure 9D) as a monophasic intra-cardiac elec-
trogram concurrently with at least the concurrently dis-
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played second data set 540d. The monophasic intra-
cardiac electrogram may include a plurality of portions,
each portion of the monophasic intra-cardiac electro-
gram corresponding to a respective cardiac event
(e.g., a R wave, V wave or other cardiac event, as dis-
cussed herein) occurring in a respective one of the plur-
ality of cardiac cycles, the particular cardiac eventbeing a
same cardiac event. In various embodiments, the ampli-
tudes of the particular cardiac events represented in the
monophasic intra-cardiac electrogram by the plurality of
portions, decrease over a time span that includes at least
afirst cardiac cycle and a second cardiac cycle. Itis noted
that in various embodiments, one or more other cardiac
cycles of the plurality of cardiac cycles may occur be-
tween the first and the second cardiac cycles.

[0221] InFigure 9D, the values of the data sets making
up the concurrently displayed second data set 540d
decayinto a plateau region, which, in some embodiments
provides an indication that a transmural lesion was
achieved sometime at or before this time, as discussed
above with respect to Figures 7 and 8.

[0222] While some of the embodiments disclosed
above are described with examples of cardiac mapping,
ablation, or both, the same or similar embodiments may
be used for mapping, ablating, or both, other bodily
organs, for example with respect to the intestines, the
bladder, or any bodily organ to which the devices of the
present invention may be introduced.

[0223] Subsets or combinations of various embodi-
ments described above can provide further embodi-
ments.

[0224] These and other changes can be made to the
invention in light of the above-detailed description. In
general, in the following claims, the terms used should
not be construed to limit the invention to the specific
embodiments disclosed in the specification and the
claims, but should be construed to include other trans-
ducer-based device systems including all medical treat-
ment device systems and all medical diagnostic device
systems in accordance with the claims. Accordingly, the
invention is not limited by the disclosure, but instead its
scope is to be determined entirely by the following claims.
[0225] Advantageous examples of the present disclo-
sure can be phrased as follows:

1. Anintra-cardiac voltage data display system com-
prising:

a data processing device system;

an input-output device system communicatively
connected to the data processing device sys-
tem; and

a memory device system communicatively con-
nected to the data processing device system
and storing a program executable by the data
processing device system, the program com-
prising:
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data reception instructions configured to
cause reception of intra-cardiac voltage
data via the input-output device system,
the intra-cardiac voltage data sampled by
an electrode over a period of time compris-
ing a plurality of cardiac cycles;

cardiac event identification instructions
configured to identify a respective occur-
rence of a particular cardiac event in each
of the plurality of cardiac cycles;

data identification instructions configured to
identify, for each respective one of the plur-
ality of cardiac cycles, a respective first
portion of the intra-cardiac voltage data
sampled during the respective one of the
plurality of cardiac cycles, each respective
first portion of the intra-cardiac voltage data
identified in accordance with a predeter-
mined temporal relationship with the re-
spective occurrence of the particular cardi-
ac event identified in the respective one of
the plurality of cardiac cycles;

excludable data identification instructions
configured to identify, for each respective
one of the plurality of cardiac cycles, a par-
ticular portion of the intra-cardiac voltage
data sampled during the respective one of
the plurality of cardiac cycles as an exclud-
able portion of the intra-cardiac voltage data
sampled by the electrode during the respec-
tive one of the plurality of cardiac cycles,
each identified excludable portion of the
intra-cardiac voltage data comprising some
but not all of the intra-cardiac voltage data
sampled by the electrode during the respec-
tive one of the plurality of cardiac cycles;
data derivation instructions configured to
derive, for each respective one of the plur-
ality of cardiac cycles, a respective one of a
plurality of data sets at least in part from a
respective second portion of the intra-car-
diac voltage data sampled by the electrode
during the respective one of the plurality of
cardiac cycles, each respective one of the
plurality of data sets derived only from par-
ticular data that excludes the identified ex-
cludable portion of the intra-cardiac voltage
data sampled by the electrode during the
respective one of the plurality of cardiac
cycles; and

display instructions configured to cause the
input-output device system to concurrently
display the plurality of data sets.

2. The intra-cardiac voltage display system of Ex-
ample 1 wherein the excludable data identification
instructions are configured to identify each exclud-
able portion of the intra-cardiac voltage data
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sampled by the electrode during the respective one
of the plurality of cardiac cycles as comprising the
identified respective first portion of the intra-cardiac
voltage data sampled during the respective one of
the plurality of cardiac cycles.

3. The intra-cardiac voltage display system of Ex-
ample 2 wherein the data identification instructions
are configured to identify each respective first portion
of the intra-cardiac voltage data as including a por-
tion of the intra-cardiac voltage data sampled by the
electrode atleast in part during the occurrence of the
particular cardiac event identified in the respective
one of the plurality of cardiac cycles.

4. The intra-cardiac voltage display system of Ex-
ample 2 wherein the data identification instructions
are configured to identify each respective first portion
of the intra-cardiac voltage data as including a por-
tion of the intra-cardiac voltage data sampled by the
electrode at least in part during the respective one of
the plurality of cardiac cycles after the occurrence of
the particular cardiac event identified in the respec-
tive one of the plurality of cardiac cycles.

5. The intra-cardiac voltage display system of Ex-
ample 2 wherein the data identification instructions
are configured to identify each respective first portion
of the intra-cardiac voltage data as including a por-
tion of the intra-cardiac voltage data sampled by the
electrode at least in part during the respective one of
the plurality of cardiac cycles before the occurrence
of the particular cardiac event identified in the re-
spective one of the plurality of cardiac cycles.

6. The intra-cardiac voltage display system of Ex-
ample 2 wherein the data identification instructions
are configured to identify each respective first portion
of the intra-cardiac voltage data as including a por-
tion of the intra-cardiac voltage data sampled by the
electrode during a predetermined time interval that
includes the occurrence of the particular cardiac
event identified in the respective one of the plurality
of cardiac cycles.

7. The intra-cardiac voltage display system of Ex-
ample 1 or 2 wherein the cardiac event identification
instructions are configured to identify the respective
occurrence of the particular cardiac event in each
respective one of the plurality of cardiac cycles from
data other than the intra-cardiac voltage data
sampled by the electrode.

8. The intra-cardiac voltage display system of Ex-
ample 1 or 2 wherein the cardiac event identification
instructions are configured to identify the respective
occurrence of the particular cardiac event in each
respective one of the plurality of cardiac cycles from
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electrocardiogram data.

9. The intra-cardiac voltage display system of Ex-
ample 8 wherein the cardiac event identification
instructions are configured to identify the respective
occurrence of the particular cardiac event in each
respective one of the plurality of cardiac cycles as
including a maximum absolute voltage value in the
electrocardiogram data in the respective one of the
plurality of cardiac cycles.

10. The intra-cardiac voltage display system of Ex-
ample 8 wherein the cardiac event identification
instructions are configured to identify the respective
occurrence of the particular cardiac event in each
respective one of the plurality of cardiac cycles as a
respective occurrence of an R wave in the electro-
cardiogram data during the respective one of the
plurality of cardiac cycles.

11. The intra-cardiac voltage display system of Ex-
ample 8 wherein the cardiac event identification
instructions are configured to identify the respective
occurrence of the particular cardiac event in each
respective one of the plurality of cardiac cycles as a
respective occurrence of at least part of a QRS
complex in the electrocardiogram data during the
respective one of the plurality of cardiac cycles, a
respective occurrence of a P wave in the electro-
cardiogram data during the respective one of the
plurality of cardiac cycles, or arespective occurrence
of a T wave in the electrocardiogram data during the
respective one of the plurality of cardiac cycles.

12. The intra-cardiac voltage display system of Ex-
ample 1 or 2 wherein the cardiac event identification
instructions are configured to identify the respective
occurrence of the particular cardiac event in each
respective one of the plurality of cardiac cycles as a
respective occurrence of ventricular systole during
the respective one of the plurality of cardiac cycles.

13. The intra-cardiac voltage display system of Ex-
ample 1 or 2 wherein the cardiac event identification
instructions are configured to identify the respective
occurrence of the particular cardiac event in each
respective one of the plurality of cardiac cycles as a
respective occurrence of ventricular systole during
the respective one of the plurality of cardiac cycles, a
respective occurrence of ventricular diastole during
the respective one of the plurality of cardiac cycles, a
respective occurrence of atrial systole during the
respective one of the plurality of cardiac cycles, or
a respective occurrence of atrial diastole during the
respective one of the plurality of cardiac cycles.

14. The intra-cardiac voltage display system of Ex-
ample 1 or 2 wherein the cardiac event identification
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instructions are configured to identify the respective
occurrence of the particular cardiac event in each
respective one of the plurality of cardiac cycles from
the intra-cardiac voltage data sampled by the elec-
trode.

15. The intra-cardiac voltage display system of Ex-
ample 1 or 2 wherein the cardiac event identification
instructions are configured to identify the respective
occurrence of the particular cardiac event in each
respective one of the plurality of cardiac cycles at
least from intra-cardiac electrogram data derived
from intra-cardiac voltage data other than the in-
tra-cardiac voltage data sampled by the electrode.

16. The intra-cardiac voltage display system of Ex-
ample 15 wherein the cardiac event identification
instructions are configured to identify the respective
occurrence of the particular cardiac event in each
respective one of the plurality of cardiac cycles as a
respective occurrence of a V wave in the intra-car-
diac electrogram data, the V wave occurring during
the respective one of the plurality of cardiac cycles.

17. The intra-cardiac voltage display system of Ex-
ample 1 wherein the data derivation instructions are
configured to derive each respective one of the
plurality of data sets at least in part from a first
respective part of the respective second portion of
the intra-cardiac voltage data sampled by the elec-
trode during the respective one of the plurality of
cardiac cycles, the first respective part including a
maximum value as compared with other parts of the
respective second portion of the intra-cardiac vol-
tage data sampled by the electrode during the re-
spective one of the plurality of cardiac cycles.

18. The intra-cardiac voltage display system of Ex-
ample 17 wherein the data derivation instructions are
configured to derive each respective one of the
plurality of data sets at least in part from a second
respective part of the respective second portion of
the intra-cardiac voltage data sampled by the elec-
trode during the respective one of the plurality of
cardiac cycles, the second respective part including
aminimum value as compared with other parts of the
respective second portion of the intra-cardiac vol-
tage data sampled by the electrode during the re-
spective one of the plurality of cardiac cycles.

19. The intra-cardiac voltage display system of Ex-
ample 1 wherein each of the plurality of data sets
comprises data representative of a maximum abso-
lute value in the respective second portion of the
intra-cardiac voltage data sampled by the electrode
during the respective one of the plurality of cardiac
cycles.

10

15

20

25

30

35

40

45

50

55

57

20. The intra-cardiac voltage display system of Ex-
ample 1 wherein each of the plurality of data sets
comprises data representative of a difference be-
tween a maximum value and a minimum value in the
respective second portion of the intra-cardiac vol-
tage data sampled by the electrode during the re-
spective one of the plurality of cardiac cycles.

21. The intra-cardiac voltage display system of Ex-
ample 1 wherein each of the plurality of data sets
comprises data representative of a difference be-
tween two values in the respective second portion of
the intra-cardiac voltage data sampled by the elec-
trode during the respective one of the plurality of
cardiac cycles.

22. The intra-cardiac voltage display system of Ex-
ample 1 wherein the program comprises activation
instructions configured to cause the electrode to
transmit energy sufficient to cause tissue ablation
at least during the sampling of the intra-cardiac
voltage data by the electrode over the period of time
comprising the plurality of cardiac cycles.

23. The intra-cardiac voltage display system of Ex-
ample 1 wherein the display instructions are config-
ured to cause the input-output device system to
sequentially display each of the plurality of data sets
until all of the plurality of data sets are concurrently
displayed by the input-output device system.

24. The intra-cardiac voltage display system of Ex-
ample 23 wherein the display instructions are con-
figured to cause the input-output device system to
sequentially display each of the plurality of data sets
according to a first order that is consistent with an
order of the plurality of cardiac cycles during the
period of time.

25. The intra-cardiac voltage display system of Ex-
ample 1 or 23 wherein the display instructions are
configured to cause the input-output device system
to display the plurality of the data sets in afirst spatial
order representative of an order of the plurality of
cardiac cycles during the period of time.

26. The intra-cardiac voltage display system of Ex-
ample 25 wherein the display instructions are con-
figured to cause the input-output device system to
sequentially display each of the plurality of data sets
according to a first order that is consistent with the
order of the plurality of cardiac cycles during the
period of time.

27. The intra-cardiac voltage display system of Ex-
ample 23 wherein the display instructions are con-
figured to cause the input-output device system to
display an intra-cardiac electrogram concurrently
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with the plurality of data sets, the intra-cardiac elec-
trogram derived from at least a portion of the intra-
cardiac voltage data sampled by the electrode, and
the intra-cardiac electrogram undergoing a biphasic
to monophasic transformation during at least part of
the sequential display of each of the plurality of data
sets.

28. The intra-cardiac voltage display system of Ex-
ample 23 wherein the display instructions are con-
figured to cause the input-output device system to
display amonophasicintra-cardiac electrogram con-
currently with the plurality of data sets, the mono-
phasic intra-cardiac electrogram derived from at
least a portion of the intra-cardiac voltage data
sampled by the electrode, and the monophasic in-
tra-cardiac electrogram reducing in amplitude with
each sequential display of each of at least some of
the plurality of data sets.

29. The intra-cardiac voltage display system of Ex-
ample 1 wherein the display instructions are config-
ured to cause the input-output device system to
display an intra-cardiac electrogram concurrently
with the plurality of data sets, the intra-cardiac elec-
trogram derived from at least a portion of the intra-
cardiac voltage data sampled by the electrode.

30. The intra-cardiac voltage display system of Ex-
ample 29 wherein the intra-cardiac electrogram is a
monophasic intra-cardiac electrogram.

31. The intra-cardiac voltage display system of Ex-
ample 29 wherein the display instructions are con-
figured to cause the input-output device system to
display the plurality of data sets among at least a
portion of the intra-cardiac electrogram.

32. The intra-cardiac voltage display system of Ex-
ample 1 or 2 wherein each of the plurality of data sets
comprises a respective one of a plurality of voltage
magnitude sets.

33. The intra-cardiac voltage display system of Ex-
ample 32 wherein each respective one of the plur-
ality of voltage magnitude sets is frequency-
weighted.

34. The intra-cardiac voltage display system of Ex-
ample 1 or 2 wherein each respective second portion
of the intra-cardiac voltage data sampled by the
electrode during the respective one of the plurality
of cardiac cycles comprises frequency-weighted
data.

35. The intra-cardiac voltage display system of any
one of the preceding examples wherein the intra-
cardiac voltage data is sampled by the electrode

10

15

20

25

30

35

40

45

50

55

58

while the electrode is positioned at a same location
in an intra-cardiac cavity during each of the plurality
of cardiac cycles in the period of time.

36. An intra-cardiac voltage data display system
comprising:

a data processing device system;

an input-output device system communicatively
connected to the data processing device sys-
tem; and

a memory device system communicatively con-
nected to the data processing device system
and storing a program executable by the data
processing device system,

wherein the data processing device system is
configured by the program at least to:

receive intra-cardiac voltage data via the
input-output device system, the intra-cardi-
ac voltage data sampled by an electrode
over a period of time comprising a plurality
of cardiac cycles;

identify a respective occurrence of a parti-
cular cardiac event in each of the plurality of
cardiac cycles;

identify, for each respective one of the plur-
ality of cardiac cycles, a respective first
portion of the intra-cardiac voltage data
sampled during the respective one of the
plurality of cardiac cycles, each respective
first portion of the intra-cardiac voltage data
identified in accordance with a predeter-
mined temporal relationship with the re-
spective occurrence of the particular cardi-
ac event identified in the respective one of
the plurality of cardiac cycles;

identify, for each respective one of the plur-
ality of cardiac cycles, a particular portion of
the intra-cardiac voltage data sampled dur-
ing the respective one of the plurality of
cardiac cycles as an excludable portion of
the intra-cardiac voltage data sampled by
the electrode during the respective one of
the plurality of cardiac cycles, each identi-
fied excludable portion of the intra-cardiac
voltage data comprising some but not all of
the intra-cardiac voltage data sampled by
the electrode during the respective one of
the plurality of cardiac cycles;

derive, for each respective one of the plur-
ality of cardiac cycles, a respective one of a
plurality of data sets at least in part from a
respective second portion of the intra-car-
diac voltage data sampled by the electrode
during the respective one of the plurality of
cardiac cycles, each respective one of the
plurality of data sets derived only from par-
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ticular data that excludes the identified ex-
cludable portion of the intra-cardiac voltage
data sampled by the electrode during the
respective one of the plurality of cardiac
cycles; and

cause the input-output device system to
concurrently display the plurality of data
sets.

37. An intra-cardiac voltage data display method
executed by a data processing device system ac-
cording to a program stored by a memory device
system communicatively connected to the data pro-
cessing device system, the data processing device
system further communicatively connected to an
input-output device system, and the method com-
prising:

receiving intra-cardiac voltage data via the in-
put-output device system, the intra-cardiac vol-
tage data sampled by an electrode over a period
of time comprising a plurality of cardiac cycles;
identifying a respective occurrence of a particu-
lar cardiac event in each of the plurality of car-
diac cycles;

identifying, for each respective one of the plur-
ality of cardiac cycles, arespective first portion of
the intra-cardiac voltage data sampled during
the respective one of the plurality of cardiac
cycles, each respective first portion of the in-
tra-cardiac voltage data identified in accordance
with a predetermined temporal relationship with
the respective occurrence of the particular car-
diac event identified in the respective one of the
plurality of cardiac cycles;

identifying, for each respective one of the plur-
ality of cardiac cycles, a particular portion of the
intra-cardiac voltage data sampled during the
respective one of the plurality of cardiac cycles
as an excludable portion of the intra-cardiac
voltage data sampled by the electrode during
the respective one of the plurality of cardiac
cycles, each identified excludable portion of
the intra-cardiac voltage data comprising some
but not all of the intra-cardiac voltage data
sampled by the electrode during the respective
one of the plurality of cardiac cycles;

deriving, for each respective one of the plurality
of cardiac cycles, a respective one of a plurality
of data sets at least in part from a respective
second portion of the intra-cardiac voltage data
sampled by the electrode during the respective
one of the plurality of cardiac cycles, each re-
spective one of the plurality of data sets derived
only from particular data that excludes the iden-
tified excludable portion of the intra-cardiac vol-
tage data sampled by the electrode during the
respective one of the plurality of cardiac cycles;
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and
causing the input-output device system to con-
currently display the plurality of data sets.

38. A computer-readable storage medium system
comprising one or more computer-readable storage
mediums storing a program executable by one or
more data processing devices of a data processing
device system communicatively connected to an
input-output device system, the program compris-
ing:

a data reception module configured to cause
reception of intra-cardiac voltage data via the
input-output device system, the intra-cardiac
voltage data sampled by an electrode over a
period of time comprising a plurality of cardiac
cycles;

a cardiac event identification module configured
toidentify arespective occurrence of a particular
cardiac event in each of the plurality of cardiac
cycles;

a data identification module configured to iden-
tify, for each respective one of the plurality of
cardiac cycles, a respective first portion of the
intra-cardiac voltage data sampled during the
respective one of the plurality of cardiac cycles,
each respective first portion of the intra-cardiac
voltage data identified in accordance with a
predetermined temporal relationship with the
respective occurrence of the particular cardiac
event identified in the respective one of the
plurality of cardiac cycles;

an excludable data identification module config-
ured to identify, for each respective one of the
plurality of cardiac cycles, a particular portion of
the intra-cardiac voltage data sampled during
the respective one of the plurality of cardiac
cycles as an excludable portion of the intra-
cardiac voltage data sampled by the electrode
during the respective one of the plurality of car-
diac cycles, each identified excludable portion of
the intra-cardiac voltage data comprising some
but not all of the intra-cardiac voltage data
sampled by the electrode during the respective
one of the plurality of cardiac cycles;

a data derivation module configured to derive,
for each respective one of the plurality of cardiac
cycles, arespective one of aplurality of data sets
at least in part from a respective second portion
of the intra-cardiac voltage data sampled by the
electrode during the respective one of the plur-
ality of cardiac cycles, each respective one of
the plurality of data sets derived only from parti-
cular data that excludes the identified exclud-
able portion of the intra-cardiac voltage data
sampled by the electrode during the respective
one of the plurality of cardiac cycles; and
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a display module configured to cause the input-
output device system to concurrently display the
plurality of data sets.

39. An intra-cardiac voltage data display system
comprising:

a data processing device system;

an input-output device system communicatively
connected to the data processing device sys-
tem; and

a memory device system communicatively con-
nected to the data processing device system
and storing a program executable by the data
processing device system, the program com-
prising:

data reception instructions configured to
cause reception of intra-cardiac voltage
data via the input-output device system,
the intra-cardiac voltage data sampled by
an electrode over a period of time compris-
ing a plurality of cardiac cycles;
dataidentification instructions configured to
identify, for each respective one of the plur-
ality of cardiac cycles, a respective first
portion of the intra-cardiac voltage data
sampled during the respective one of the
plurality of cardiac cycles, each respective
first portion of the intra-cardiac voltage data
identified as comprising a maximum abso-
lute value of the intra-cardiac voltage data
sampled by the electrode during the respec-
tive one of the plurality of cardiac cycles,
each identified first portion of the intra-car-
diac voltage data comprising some but not
all of the intra-cardiac voltage data sampled
by the electrode during the respective one
of the plurality of cardiac cycles;

data derivation instructions configured to
derive, for each respective one of the plur-
ality of cardiac cycles, a respective one of a
plurality of data sets at least in part from a
respective second portion of the intra-car-
diac voltage data sampled by the electrode
during the respective one of the plurality of
cardiac cycles, each respective one of the
plurality of data sets derived only from par-
ticular data that excludes the identified first
portion of the intra-cardiac voltage data
sampled by the electrode during the respec-
tive one of the plurality of cardiac cycles;
and

display instructions configured to cause the
input-output device system to concurrently
display the plurality of data sets.

40. The intra-cardiac voltage display system of Ex-
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ample 39 wherein the data derivationinstructions are
configured to derive each respective one of the
plurality of data sets at least in part from a first
respective part of the respective second portion of
the intra-cardiac voltage data sampled by the elec-
trode during the respective one of the plurality of
cardiac cycles, the first respective part including a
maximum value as compared with other parts of the
respective second portion of the intra-cardiac vol-
tage data sampled by the electrode during the re-
spective one of the plurality of cardiac cycles.

41. The intra-cardiac voltage display system of Ex-
ample 40 wherein the data derivation instructions are
configured to derive each respective one of the
plurality of data sets at least in part from a second
respective part of the respective second portion of
the intra-cardiac voltage data sampled by the elec-
trode during the respective one of the plurality of
cardiac cycles, the second respective part including
aminimum value as compared with other parts of the
respective second portion of the intra-cardiac vol-
tage data sampled by the electrode during the re-
spective one of the plurality of cardiac cycles.

42. The intra-cardiac voltage display system of Ex-
ample 39 wherein each of the plurality of data sets
comprises data representative of a maximum abso-
lute value in the respective second portion of the
intra-cardiac voltage data sampled by the electrode
during the respective one of the plurality of cardiac
cycles.

43. The intra-cardiac voltage display system of Ex-
ample 39 wherein each of the plurality of data sets
comprises data representative of a difference be-
tween a maximum value and a minimum value in the
respective second portion of the intra-cardiac vol-
tage data sampled by the electrode during the re-
spective one of the plurality of cardiac cycles.

44. The intra-cardiac voltage display system of Ex-
ample 39 wherein each of the plurality of data sets
comprises data representative of a difference be-
tween two values in the respective second portion of
the intra-cardiac voltage data sampled by the elec-
trode during the respective one of the plurality of
cardiac cycles.

45. The intra-cardiac voltage display system of Ex-
ample 39 wherein the program comprises activation
instructions configured to cause the electrode to
transmit energy sufficient to cause tissue ablation
at least during the sampling of the intra-cardiac
voltage data by the electrode over the period of time
comprising the plurality of cardiac cycles.

46. The intra-cardiac voltage display system of Ex-
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ample 39 wherein the display instructions are con-
figured to cause the input-output device system to
sequentially display each of the plurality of data sets
until all of the plurality of data sets are concurrently
displayed by the input-output device system.

47. The intra-cardiac voltage display system of Ex-
ample 46 wherein the display instructions are con-
figured to cause the input-output device system to
sequentially display each of the plurality of data sets
according to a first order that is consistent with an
order of the plurality of cardiac cycles during the
period of time.

48. The intra-cardiac voltage display system of Ex-
ample 39 or 46 wherein the display instructions are
configured to cause the input-output device system
to display the plurality of the data sets in a first spatial
order representative of an order of the plurality of
cardiac cycles during the period of time.

49. The intra-cardiac voltage display system of Ex-
ample 48 wherein the display instructions are con-
figured to cause the input-output device system to
sequentially display each of the plurality of data sets
according to a first order that is consistent with the
order of the plurality of cardiac cycles during the
period of time.

50. The intra-cardiac voltage display system of Ex-
ample 46 wherein the display instructions are con-
figured to cause the input-output device system to
display an intra-cardiac electrogram concurrently
with the plurality of data sets, the intra-cardiac elec-
trogram derived from at least a portion of the intra-
cardiac voltage data sampled by the electrode, and
the intra-cardiac electrogram undergoing a biphasic
to monophasic transformation during at least part of
the sequential display of each of the plurality of data
sets.

51. The intra-cardiac voltage display system of Ex-
ample 46 wherein the display instructions are con-
figured to cause the input-output device system to
display a monophasic intra-cardiac electrogram con-
currently with the plurality of data sets, the mono-
phasic intra-cardiac electrogram derived from at
least a portion of the intra-cardiac voltage data
sampled by the electrode, and the monophasic in-
tra-cardiac electrogram reducing in amplitude with
each sequential display of each of at least some of
the plurality of data sets.

52. The intra-cardiac voltage display system of Ex-
ample 39 wherein the display instructions are con-
figured to cause the input-output device system to
display an intra-cardiac electrogram concurrently
with the plurality of data sets, the intra-cardiac elec-
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trogram derived from at least a portion of the intra-
cardiac voltage data sampled by the electrode.

53. The intra-cardiac voltage display system of Ex-
ample 52 wherein the intra-cardiac electrogram is a
monophasic intra-cardiac electrogram.

54. The intra-cardiac voltage display system of Ex-
ample 52 wherein the display instructions are con-
figured to cause the input-output device system to
display the plurality of data sets among at least a
portion of the intra-cardiac electrogram.

55. The intra-cardiac voltage display system of Ex-
ample 39 wherein each of the plurality of data sets
comprises a respective one of a plurality of voltage
magnitude sets.

56. The intra-cardiac voltage display system of Ex-
ample 55 wherein each respective one of the plur-
ality of voltage magnitude sets is frequency-
weighted.

57. The intra-cardiac voltage display system of Ex-
ample 39 wherein each respective second portion of
the intra-cardiac voltage data sampled by the elec-
trode during the respective one of the plurality of
cardiac cycles comprises frequency-weighted data.

58. The intra-cardiac voltage display system of any
one of Examples 39 to 57 wherein the intra-cardiac
voltage data is sampled by the electrode while the
electrode is positioned at a same location in an intra-
cardiac cavity during each of the plurality of cardiac
cycles in the period of time.

59. An intra-cardiac voltage data display system
comprising:

a data processing device system;

an input-output device system communicatively
connected to the data processing device sys-
tem; and

a memory device system communicatively con-
nected to the data processing device system
and storing a program executable by the data
processing device system,

wherein the data processing device system is
configured by the program at least to:

receive intra-cardiac voltage data via the
input-output device system, the intra-cardi-
ac voltage data sampled by an electrode
over a period of time comprising a plurality
of cardiac cycles;

identify, for each respective one of the plur-
ality of cardiac cycles, a respective first
portion of the intra-cardiac voltage data
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sampled during the respective one of the
plurality of cardiac cycles, each respective
first portion of the intra-cardiac voltage data
identified as comprising a maximum abso-
lute value of the intra-cardiac voltage data
sampled by the electrode during the respec-
tive one of the plurality of cardiac cycles,
each identified first portion of the intra-car-
diac voltage data comprising some but not
all of the intra-cardiac voltage data sampled
by the electrode during the respective one
of the plurality of cardiac cycles;

derive, for each respective one of the plur-
ality of cardiac cycles, a respective one of a
plurality of data sets at least in part from a
respective second portion of the intra-car-
diac voltage data sampled by the electrode
during the respective one of the plurality of
cardiac cycles, each respective one of the
plurality of data sets derived only from par-
ticular data that excludes the identified first
portion of the intra-cardiac voltage data
sampled by the electrode during the respec-
tive one of the plurality of cardiac cycles;
and

cause the input-output device system to
concurrently display the plurality of data
sets.

60. An intra-cardiac voltage data display method
executed by a data processing device system ac-
cording to a program stored by a memory device
system communicatively connected to the data pro-
cessing device system, the data processing device
system further communicatively connected to an
input-output device system, and the method com-
prising:

receiving intra-cardiac voltage data via the in-
put-output device system, the intra-cardiac vol-
tage data sampled by an electrode over a period
of time comprising a plurality of cardiac cycles;
identifying, for each respective one of the plur-
ality of cardiac cycles, arespective first portion of
the intra-cardiac voltage data sampled during
the respective one of the plurality of cardiac
cycles, each respective first portion of the in-
tra-cardiac voltage data identified as comprising
a maximum absolute value of the intra-cardiac
voltage data sampled by the electrode during
the respective one of the plurality of cardiac
cycles, each identified first portion of the intra-
cardiac voltage data comprising some but not all
of the intra-cardiac voltage data sampled by the
electrode during the respective one of the plur-
ality of cardiac cycles;

deriving, for each respective one of the plurality
of cardiac cycles, a respective one of a plurality
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of data sets at least in part from a respective
second portion of the intra-cardiac voltage data
sampled by the electrode during the respective
one of the plurality of cardiac cycles, each re-
spective one of the plurality of data sets derived
only from particular data that excludes the iden-
tified first portion of the intra-cardiac voltage
data sampled by the electrode during the re-
spective one of the plurality of cardiac cycles;
and

causing the input-output device system to con-
currently display the plurality of data sets.

61. A computer-readable storage medium system
comprising one or more computer-readable storage
mediums storing a program executable by one or
more data processing devices of a data processing
device system communicatively connected to an
input-output device system, the program compris-
ing:

a data reception module configured to cause
reception of intra-cardiac voltage data via the
input-output device system, the intra-cardiac
voltage data sampled by an electrode over a
period of time comprising a plurality of cardiac
cycles;

a data identification module configured to iden-
tify, for each respective one of the plurality of
cardiac cycles, a respective first portion of the
intra-cardiac voltage data sampled during the
respective one of the plurality of cardiac cycles,
each respective first portion of the intra-cardiac
voltage data identified as comprising a maxi-
mum absolute value of the intra-cardiac voltage
data sampled by the electrode during the re-
spective one of the plurality of cardiac cycles,
each identified first portion of the intra-cardiac
voltage data comprising some but not all of the
intra-cardiac voltage data sampled by the elec-
trode during the respective one of the plurality of
cardiac cycles;

a data derivation module configured to derive,
for each respective one of the plurality of cardiac
cycles, arespective one of aplurality of data sets
at least in part from a respective second portion
of the intra-cardiac voltage data sampled by the
electrode during the respective one of the plur-
ality of cardiac cycles, each respective one of
the plurality of data sets derived only from parti-
cular data that excludes the identified first por-
tion of the intra-cardiac voltage data sampled by
the electrode during the respective one of the
plurality of cardiac cycles; and

a display module configured to cause the input-
output device systemto concurrently display the
plurality of data sets.



121 EP 4 574 044 A2 122

62. An intra-cardiac voltage data display system
comprising:

a data processing device system;

an input-output device system communicatively
connected to the data processing device sys-
tem; and

a memory device system communicatively con-
nected to the data processing device system
and storing a program executable by the data
processing device system, the program com-
prising:

data reception instructions configured to
cause reception of intra-cardiac voltage
data via the input-output device system,
the intra-cardiac voltage data sampled by
an electrode over a period of time compris-
ing a plurality of cardiac cycles that includes
at least a first cardiac cycle and a second
cardiac cycle other than the first cardiac
cycle, the second cardiac cycle occurring
after the first cardiac cycle;

display instructions configured to cause the
input-output device systemto display a plur-
ality of data sets including a concurrently
displayed first data set and a concurrently
displayed second data set; and

data derivation instructions configured to
derive the first data set at least in part from
the intra-cardiac voltage data sampled by
the electrode during a first time in the first
cardiac cycle, and from the intra-cardiac
voltage data sampled by the electrode dur-
ing a second time in the first cardiac cycle,
the second time occurring after the first
time,

wherein the data derivation instructions are
configured to derive the second data set
only from particular data, the particular data
excluding at least some of the intra-cardiac
voltage data sampled by the electrode dur-
ing the second time in the first cardiac cycle,
and the particular data including at least
some of the intra-cardiac voltage data
sampled by the electrode during the first
time in the first cardiac cycle and at least
some of the intra-cardiac voltage data
sampled by the electrode during the second
cardiac cycle.

63. The intra-cardiac voltage display system of Ex-
ample 62 wherein the data derivationinstructions are
configured to derive the first data set at least in part
from at least part of the intra-cardiac voltage data
sampled by the electrode during the second cardiac
cycle.
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64. The intra-cardiac voltage display system of Ex-
ample 62 or 63 wherein the concurrently displayed
first data set comprises at least a portion of an intra-
cardiac electrogram.

65. The intra-cardiac voltage display system of Ex-
ample 62 or 63 wherein the concurrently displayed
first data set comprises at least a portion of a mono-
phasic intra-cardiac electrogram.

66. The intra-cardiac voltage display system of Ex-
ample 64 wherein the displayed portion of the intra-
cardiac electrogram comprises a particular biphasic
portion of the portion of the intra-cardiac electrogram
derived from at least some of the intra-cardiac vol-
tage data sampled by the electrode during the first
cardiac cycle, and a particular monophasic portion of
the portion of the intra-cardiac electrogram derived
from the at least part of the intra-cardiac voltage data
sampled by the electrode during the second cardiac
cycle.

67. The intra-cardiac voltage display system of Ex-
ample 64 wherein the displayed portion of the intra-
cardiac electrogram comprises a first monophasic
portion of the portion of the intra-cardiac electrogram
derived from at least some of the intra-cardiac vol-
tage data sampled by the electrode during the first
cardiac cycle, and a second monophasic portion of
the portion of the intra-cardiac electrogram derived
from the at least part of the intra-cardiac voltage data
sampled by the electrode during the second cardiac
cycle.

68. The intra-cardiac voltage display system of Ex-
ample 67 wherein an amplitude of the first mono-
phasic portion of the portion of the intra-cardiac
electrogram is greater than an amplitude of the sec-
ond monophasic portion of the portion of the intra-
cardiac electrogram.

69. The intra-cardiac voltage display system of Ex-
ample 63 wherein the data derivationinstructions are
configured to derive the first data set at least in part
from a particular portion of the intra-cardiac voltage
data sampled by the electrode during the second
cardiac cycle, and wherein the particular data ex-
cludes the particular portion of the intra-cardiac vol-
tage data sampled by the electrode during the sec-
ond cardiac cycle.

70. The intra-cardiac voltage display system of Ex-
ample 62 or 63 wherein the particular data excludes
a maximum absolute value of the intra-cardiac vol-
tage data sampled by the electrode during the first
cardiac cycle.

71. The intra-cardiac voltage display system of Ex-
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ample 62 or 63 wherein the particular data excludes
at least some of a portion of the intra-cardiac voltage
data sampled by the electrode during an occurrence
of ventricular systole in the first cardiac cycle.

72. The intra-cardiac voltage display system of Ex-
ample 62 or 63 wherein the concurrently displayed
second data set includes data representative of a
maximum absolute value of the intra-cardiac voltage
data sampled by the electrode during the first time in
the first cardiac cycle.

73. The intra-cardiac voltage display system of Ex-
ample 62 or 63 wherein the concurrently displayed
second data set includes data representative of a
difference between two values of the intra-cardiac
voltage data sampled by the electrode during the first
time in the first cardiac cycle.

74. The intra-cardiac voltage display system of Ex-
ample 62 or 63 wherein the concurrently displayed
second data set includes data representative of a
difference between a maximum value of the intra-
cardiac voltage data sampled by the electrode during
the first time in the first cardiac cycle and a minimum
value of the intra-cardiac voltage data sampled by
the electrode during the first time in the first cardiac
cycle.

75. The intra-cardiac voltage display system of Ex-
ample 62 or 63 wherein the concurrently displayed
second data set includes data derived from (a) a
minimum value of the intra-cardiac voltage data
sampled by the electrode during the first time in
the first cardiac cycle; (b) a maximum value of the
intra-cardiac voltage data sampled by the electrode
during the first time in the first cardiac cycle; or both
(a) and (b).

76. The intra-cardiac voltage display system of Ex-
ample 62 or 63 wherein the concurrently displayed
second data set comprises first data representative
of a difference between two values of the intra-car-
diac voltage data sampled by the electrode during
the first cardiac cycle and second data representa-
tive of a difference between two values of the intra-
cardiac voltage data sampled by the electrode during
the second cardiac cycle.

77. The intra-cardiac voltage display system of any
of Examples 62 to 76 wherein the program com-
prises activation instructions configured to cause a
transmission of energy sufficient for tissue ablation
at least during the sampling of the intra-cardiac
voltage data by the electrode during each of at least
the first cardiac cycle and the second cardiac cycle.

78. The intra-cardiac voltage display system of Ex-
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ample 77 wherein the concurrently displayed first
data set comprises at least a portion of an intra-
cardiac electrogram.

79. The intra-cardiac voltage display system of Ex-
ample 78 wherein the program comprises:

identification instructions configured to identify a
duration from a time from a start of the tissue
ablation to a time of a maximum voltage peak in
at least the portion of the intra-cardiac electro-
gram;

tissue thickness determination instructions con-
figured to determine a thickness of tissue sub-
ject to the tissue ablation based at least upon a
comparison of the identified duration with a pre-
determined threshold; and

thickness indication instructions configured to
output a tissue-thickness indication via the in-
put-output device system indicating a result of
the determination of the thickness of the tissue.

80. The intra-cardiac voltage display system of Ex-
ample 77 wherein the program comprises:

identification instructions configured to identify a
duration from a time from a start of the tissue
ablation to a time of a maximum voltage peak in
at least a portion of the second data set;
tissue thickness determination instructions con-
figured to determine a thickness of tissue sub-
ject to the tissue ablation based at least upon a
comparison of the identified duration with a pre-
determined threshold; and

thickness indication instructions configured to
output a tissue-thickness indication via the in-
put-output device system indicating a result of
the determination of the thickness of the tissue.

81. The intra-cardiac voltage display system of Ex-
ample 77 wherein the program comprises:

identification instructions configured to identify a
curve-slope from a time of a maximum voltage
peakin atleastaportion ofthe second datasetto
a time indicating a beginning of a pre-plateau
transitional region in at least the portion of the
second data set;

tissue thickness determination instructions con-
figured to determine a thickness of tissue sub-
ject to the tissue ablation based at least upon a
comparison of the identified curve-slope with a
predetermined curve-slope; and

thickness indication instructions configured to
output a tissue-thickness indication via the in-
put-output device system indicating a result of
the determination of the thickness of the tissue.
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82. The intra-cardiac voltage display system of Ex-
ample 62 wherein the display instructions are con-
figured to cause the input-output device system to
concurrently display the second data set at least by
displaying (a) the data included in the second data
setand derived at least in part from the at least some
of the intra-cardiac voltage data sampled by the
electrode during the second cardiac cycle sequen-
tially after (b) the data included in the second data set
and derived at least in part from the intra-cardiac
voltage data sampled by the electrode during the first
time in the first cardiac cycle while continuing to
display (b) to cause both (a) and (b) to be concur-
rently displayed.

83. The intra-cardiac voltage display system of Ex-
ample 62 wherein the display instructions are con-
figured to cause the input-output device system to
display an intra-cardiac electrogram concurrently
with at least the concurrently displayed second data
set, the intra-cardiac electrogram derived from at
least a portion of the intra-cardiac voltage data
sampled by the electrode, and the intra-cardiac elec-
trogram undergoing a biphasic to monophasic trans-
formation during the display of the concurrently dis-
played second data set.

84. The intra-cardiac voltage display system of Ex-
ample 62 wherein the display instructions are con-
figured to cause the input-output device system to
display amonophasicintra-cardiac electrogram con-
currently with at least the concurrently displayed
second data set, the monophasic intra-cardiac elec-
trogram comprising a plurality of portions, each por-
tion of the monophasic intra-cardiac electrogram
corresponding to a respective particular cardiac
event occurring in a respective one of the plurality
of cardiac cycles, the particular cardiac events being
a same cardiac event, and amplitudes of the parti-
cular cardiac events, as represented in the mono-
phasic intra-cardiac electrogram by the plurality of
portions, decreasing over a span including at least
the first cardiac cycle and the second cardiac cycle.

85. The intra-cardiac voltage display system of Ex-
ample 62 wherein the program comprises:

cardiac event identification instructions config-
ured to identify a respective occurrence of a
particular cardiac event in each respective
one of the plurality of cardiac cycles; and

data identification instructions configured to
identify, for each respective one of the plurality
of cardiac cycles, a particular portion of the intra-
cardiac voltage data sampled during the respec-
tive one of the plurality of cardiac cycles, each
particular portion of the intra-cardiac voltage
data sampled by the electrode during the re-
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spective one of the plurality of cardiac cycles
comprising some but not all of the intra-cardiac
voltage data sampled by the electrode during
the respective one of the plurality of cardiac
cycles, each particular portion of the intra-car-
diac voltage data identified in accordance with a
predetermined temporal relationship with the
occurrence of the particular cardiac event iden-
tified in the respective one of the plurality of
cardiac cycles, and

wherein the particular data excludes at least
some of each identified particular portion of
the intra-cardiac voltage data sampled by the
electrode during the respective one of the first
cardiac cycle and the second cardiac cycle.

86. The intra-cardiac voltage display system of Ex-
ample 62 wherein the display instructions are con-
figured to cause the input-output device system to
concurrently display the concurrently displayed first
data set and the concurrently displayed second data
set.

87. The intra-cardiac voltage display system of Ex-
ample 62 wherein the display instructions are con-
figured to cause the input-output device system to
display the concurrently displayed first data set and
the concurrently displayed second data set in a
superimposed configuration.

88. The intra-cardiac voltage display system of Ex-
ample 62 wherein each of the plurality of data sets
comprises a respective one of a plurality of voltage
magnitude sets.

89. The intra-cardiac voltage display system of Ex-
ample 88 wherein each respective one of the plur-
ality of voltage magnitude sets is frequency-
weighted.

90. An intra-cardiac voltage data display system
comprising:

a data processing device system;

an input-output device system communicatively
connected to the data processing device sys-
tem; and

a memory device system communicatively con-
nected to the data processing device system
and storing a program executable by the data
processing device system,

wherein the data processing device system is
configured by the program at least to:

receive intra-cardiac voltage data via the
input-output device system, the intra-cardi-
ac voltage data sampled by an electrode
over a period of time comprising a plurality
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of cardiac cycles that include at least a first
cardiac cycle and a second cardiac cycle
other than the first cardiac cycle, the second
cardiac cycle occurring after the first cardiac
cycle;

cause the input-output device system to
display a plurality of data sets including a
concurrently displayed first data set and a
concurrently displayed second data set;
derive the first data set at least in part from
the intra-cardiac voltage data sampled by
the electrode during a first time in the first
cardiac cycle, and from the intra-cardiac
voltage data sampled by the electrode dur-
ing a second time in the first cardiac cycle,
the second time occurring after the first
time; and

derive the second data set only from parti-
cular data, the particular data excluding at
least some of the intra-cardiac voltage data
sampled by the electrode during the second
time in the first cardiac cycle, and the parti-
cular data including at least some of the
intra-cardiac voltage data sampled by the
electrode during the first time in the first
cardiac cycle and at least some of the in-
tra-cardiac voltage data sampled by the
electrode during the second cardiac cycle.

91. An intra-cardiac voltage data display method
executed by a data processing device system ac-
cording to a program stored by a memory device
system communicatively connected to the data pro-
cessing device system, the data processing device
system further communicatively connected to an
input-output device system, and the method com-
prising:

receiving intra-cardiac voltage data via the in-
put-output device system, the intra-cardiac vol-
tage data sampled by an electrode over a period
of time comprising a plurality of cardiac cycles
that include at least a first cardiac cycle and a
second cardiac cycle other than the first cardiac
cycle, the second cardiac cycle occurring after
the first cardiac cycle;

causing the input-output device system to dis-
play a plurality of data sets including a concur-
rently displayed first data set and a concurrently
displayed second data set;

deriving the first data set at least in part from the
intra-cardiac voltage data sampled by the elec-
trode during a first time in the first cardiac cycle,
and from the intra-cardiac voltage data sampled
by the electrode during a second time in the first
cardiac cycle, the second time occurring after
the first time; and

deriving the second data set only from particular
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data, the particular data excluding at least some
of the intra-cardiac voltage data sampled by the
electrode during the second time in the first
cardiac cycle, and the particular data including
at least some of the intra-cardiac voltage data
sampled by the electrode during the first time in
the first cardiac cycle and at least some of the
intra-cardiac voltage data sampled by the elec-
trode during the second cardiac cycle.

92. A computer-readable storage medium system
comprising one or more computer-readable storage
mediums storing a program executable by one or
more data processing devices of a data processing
device system communicatively connected to an
input-output device system, the program compris-
ing:

a data reception module configured to cause
reception of intra-cardiac voltage data via the
input-output device system, the intra-cardiac
voltage data sampled by an electrode over a
period of time comprising a plurality of cardiac
cycles that include at least a first cardiac cycle
and a second cardiac cycle other than the first
cardiac cycle, the second cardiac cycle occur-
ring after the first cardiac cycle;

a display module configured to cause the input-
output device system to display a plurality of
data sets including a concurrently displayed first
data set and a concurrently displayed second
data set; and

a data derivation module configured to derive
the first data set at least in part from the intra-
cardiac voltage data sampled by the electrode
during a first time in the first cardiac cycle, and
from the intra-cardiac voltage data sampled by
the electrode during a second time in the first
cardiac cycle, the second time occurring after
the first time,

wherein the data derivation module is config-
ured to derive the second data set only from
particular data, the particular data excluding at
least some of the intra-cardiac voltage data
sampled by the electrode during the second time
in the first cardiac cycle, and the particular data
including at least some of the intra-cardiac vol-
tage data sampled by the electrode during the
first time in the first cardiac cycle and at least
some of the intra-cardiac voltage data sampled
by the electrode during the second cardiac cy-
cle.

93. An intra-cardiac voltage data display system
comprising:

a data processing device system;
an input-output device system communicatively
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connected to the data processing device sys-
tem; and

a memory device system communicatively con-
nected to the data processing device system
and storing a program executable by the data
processing device system, the program com-
prising:

data reception instructions configured to
cause reception of intra-cardiac voltage
data via the input-output device system,
the intra-cardiac voltage data sampled by
an electrode over a period of time that in-
cludes a plurality of cardiac cycles;

data derivation instructions configured to
derive at least a first graphical distribution
of data derived at least in part from a first
portion of the received intra-cardiac voltage
data and a second graphical distribution of
data derived at least in part from a second
portion of the received intra-cardiac voltage
data; and

display instructions configured to cause the
input-output device system to concurrently
display at least the first graphical distribu-
tion of data and the second graphical dis-
tribution of data, the displayed first graphical
distribution comprising first data displayed
across a first time scale and the displayed
second graphical distribution comprising
second data displayed across a second
time scale having a different scale than
the first time scale, the displayed first and
second displayed graphical distributions
concurrently displayed in a superimposed
configuration.

94. The intra-cardiac voltage display system of Ex-
ample 93 wherein the data derivation instructions are
configured to derive the second graphical distribu-
tion of data only from particular data, the particular
data excluding, for each respective one of at least
three of the plurality of cardiac cycles, a respective
particular part of the intra-cardiac voltage data
sampled by the electrode during the respective
one of the at least three of the plurality of cardiac
cycles, each respective particular part comprising
some but not all of the intra-cardiac voltage data
sampled by the electrode during the respective
one of the at least three of the plurality of cardiac
cycles, and wherein the data derivation instructions
are configured to derive the first graphical distribu-
tion of data from data that comprises each of the
respective particular parts.

95. The intra-cardiac voltage display system of Ex-
ample 94 wherein the program comprises:
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cardiac event identification instructions config-
ured to identify a respective occurrence of a
particular cardiac event in each respective
one of the at least three of the plurality of cardiac
cycles; and

data identification instructions configured to
identify, for each respective one of the at least
three of the plurality of cardiac cycles, a parti-
cular portion of the intra-cardiac voltage data
sampled during the respective one of the atleast
three of the plurality of cardiac cycles, each
particular portion of the intra-cardiac voltage
data sampled by the electrode during the re-
spective one of the at least three of the plurality
of cardiac cycles comprising some but not all of
the intra-cardiac voltage data sampled by the
electrode during the respective one of the at
least three of the plurality of cardiac cycles, each
particular portion of the intra-cardiac voltage
data identified in accordance with a predeter-
mined temporal relationship with the occurrence
of the particular cardiac event identified in the
respective one of the atleast three of the plurality
of cardiac cycles, and

wherein the particular data excludes at least
some of each identified particular portion of
the intra-cardiac voltage data sampled by the
electrode during the respective one of the at
least three of the plurality of cardiac cycles.

96. The intra-cardiac voltage display system of Ex-
ample 95 wherein the data derivationinstructions are
configured to derive the first graphical distribution of
data from the respective particular portions.

97. The intra-cardiac voltage display system of any
of Examples 93 to 96 wherein the displayed first
graphical distribution comprises a first group of vol-
tage magnitudes displayed across the first time
scale, and the displayed second graphical distribu-
tion comprises a second group of voltage magni-
tudes displayed across the second time scale.

98. The intra-cardiac voltage display system of Ex-
ample 97 wherein (a) the first group of voltage mag-
nitudes, (b) the second group of voltage magnitudes,
or each of (a) and (b) is frequency-weighted.

99. An intra-cardiac voltage data display system
comprising:

a data processing device system;

an input-output device system communicatively
connected to the data processing device sys-
tem; and

a memory device system communicatively con-
nected to the data processing device system
and storing a program executable by the data



131 EP 4 574 044 A2 132

processing device system,
wherein the data processing device system is
configured by the program at least to:

receive intra-cardiac voltage data via the
input-output device system, the intra-cardi-
ac voltage data sampled by an electrode
over a period of time that includes a plurality
of cardiac cycles;

derive atleast afirst graphical distribution of
data derived at least in part from a first
portion of the received intra-cardiac voltage
data and a second graphical distribution of
data derived at least in part from a second
portion of the received intra-cardiac voltage
data; and

cause the input-output device system to
concurrently display at least the first graphi-
cal distribution of data and the second gra-
phical distribution of data, the displayed first
graphical distribution comprising first data
displayed across a first time scale and the
displayed second graphical distribution
comprising second data displayed across
a second time scale having a different scale
than the first time scale, the displayed first
and second displayed graphical distribu-
tions concurrently displayed in a superim-
posed configuration.

100. An intra-cardiac voltage data display method
executed by a data processing device system ac-
cording to a program stored by a memory device
system communicatively connected to the data pro-
cessing device system, the data processing device
system further communicatively connected to an
input-output device system, and the method com-
prising:

receiving intra-cardiac voltage data via the in-
put-output device system, the intra-cardiac vol-
tage data sampled by an electrode over a period
of time that includes a plurality of cardiac cycles;
deriving at least a first graphical distribution of
data derived at least in part from a first portion of
the received intra-cardiac voltage data and a
second graphical distribution of data derived
at least in part from a second portion of the
received intra-cardiac voltage data; and

causing the input-output device system to con-
currently display at least the first graphical dis-
tribution of data and the second graphical dis-
tribution of data, the displayed first graphical
distribution comprising first data displayed
across a first time scale and the displayed sec-
ond graphical distribution comprising second
data displayed across a second time scale hav-
ing a different scale than the first time scale, the
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displayed first and second displayed graphical
distributions concurrently displayed in a super-
imposed configuration.

101. A computer-readable storage medium system
comprising one or more computer-readable storage
mediums storing a program executable by one or
more data processing devices of a data processing
device system communicatively connected to an
input-output device system, the program compris-
ing:

a data reception module configured to cause
reception of intra-cardiac voltage data via the
input-output device system, the intra-cardiac
voltage data sampled by an electrode over a
period of time that includes a plurality of cardiac
cycles;

a data derivation module configured to derive at
least a first graphical distribution of data derived
atleastin part from a first portion of the received
intra-cardiac voltage data and a second graphi-
cal distribution of data derived at least in part
from a second portion of the received intra-car-
diac voltage data; and

a display module configured to cause the input-
output device system to concurrently display at
least the first graphical distribution of data and
the second graphical distribution of data, the
displayed first graphical distribution comprising
first data displayed across a first time scale and
the displayed second graphical distribution
comprising second data displayed across a sec-
ond time scale having a different scale than the
first time scale, the displayed first and second
displayed graphical distributions concurrently
displayed in a superimposed configuration.

102. An intra-cardiac voltage data display system
comprising:

a data processing device system;

an input-output device system communicatively
connected to the data processing device sys-
tem; and

a memory device system communicatively con-
nected to the data processing device system
and storing a program executable by the data
processing device system, the program com-
prising:

data reception instructions configured to
cause reception of intra-cardiac voltage
data via the input-output device system,
the intra-cardiac voltage data sampled by
a sensing electrode over a period of time
that includes a plurality of cardiac cycles;

activation instructions configured to cause
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an ablation electrode to transmit energy
sufficient for tissue ablation at least during
the sampling of the intra-cardiac voltage
data by the sensing electrode;

data derivation instructions configured to
derive at least a plurality of voltage values,
each of the plurality of voltage values de-
rived at least in part from a respective por-
tion of the received intra-cardiac voltage
data, each of the plurality of voltage values
correlated with a respective time within a
time range during which the respective por-
tion of the of the received intra-cardiac vol-
tage data was sampled by the sensing elec-
trode;

identification instructions configured to
identify a duration from a time of a start of
the tissue ablation to the respective time
correlated with a particular one of the re-
spective voltage values, the particular one
of the respective voltage values being a
maximum value as compared with others
of the plurality of voltage values;

tissue thickness determination instructions
configured to determine a thickness of tis-
sue subject to the tissue ablation based at
least upon a comparison of the identified
duration with a predetermined threshold;
and

thickness indication instructions configured
to output a tissue-thickness indication via
the input-output device system indicating a
result of the determination of the thickness
of the tissue.

103. The intra-cardiac voltage display system of
Example 102 wherein each respective portion of
the received intra-cardiac voltage data includes in-
tra-cardiac voltage data sampled by the sensing
electrode during a respective one of the plurality of
cardiac cycles, butdoes notinclude any intra-cardiac
voltage data sampled by the sensing electrode dur-
ing any of the plurality of cardiac cycles other than the
respective one of the plurality of cardiac cycles, and
wherein each respective portion from which a re-
spective one of at least three of the plurality of
voltage values is derived represents some, but not
all, of the intra-cardiac voltage data sampled by the
sensing electrode during the respective one of the
plurality of cardiac cycles.

104. The intra-cardiac voltage data display system of
Example 103 wherein the program comprises dis-
play instructions configured to display, via the input-
output device system, the plurality of voltage values.

105. The intra-cardiac voltage data display system of
Example 103 wherein the program comprises dis-

10

15

20

25

30

35

40

45

50

55

69

play instructions configured to display, via the input-
output device system, a distribution of the plurality of
voltage values across a time scale.

106. The intra-cardiac voltage data display system of
Example 105 wherein the display instructions are
configured to display, via the input-output device
system, an intra-cardiac electrogram derived from
the intra-cardiac voltage data sampled by the sen-
sing electrode, the displayed intra-cardiac electro-
gram concurrently displayed with at least part of the
distribution according to the display instructions and
comprising a visual characteristic set visually distinct
from a visual characteristic set comprised by the
displayed at least part of the distribution.

107. Theintra-cardiac voltage data display system of
Example 102 wherein the program comprises dis-
play instructions configured to display the plurality of
voltage values as an intra-cardiac electrogram.

108. The intra-cardiac voltage data display system of
Example 102 wherein the ablation electrode is pro-
vided by the sensing electrode.

109. An intra-cardiac voltage data display system
comprising:

a data processing device system;

an input-output device system communicatively
connected to the data processing device sys-
tem; and

a memory device system communicatively con-
nected to the data processing device system
and storing a program executable by the data
processing device system,

wherein the data processing device system is
configured by the program at least to:

receive intra-cardiac voltage data via the
input-output device system, the intra-cardi-
ac voltage data sampled by a sensing elec-
trode over a period of time that includes a
plurality of cardiac cycles;

cause an ablation electrode to transmit en-
ergy sufficient for tissue ablation at least
during the sampling of the intra-cardiac vol-
tage data by the sensing electrode;

derive at least a plurality of voltage values,
each of the plurality of voltage values de-
rived at least in part from a respective por-
tion of the received intra-cardiac voltage
data, each of the plurality of voltage values
correlated with a respective time within a
time range during which the respective por-
tion of the of the received intra-cardiac vol-
tage data was sampled by the sensing elec-
trode;
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identify a duration from a time of a start of
the tissue ablation to the respective time
correlated with a particular one of the re-
spective voltage values, the particular one
of the respective voltage values being a
maximum value as compared with others
of the plurality of voltage values;
determine a thickness of tissue subject to
the tissue ablation based at least upon a
comparison of the identified duration with a
predetermined threshold; and

output a tissue-thickness indication via the
input-output device system indicating a re-
sult of the determination of the thickness of
the tissue.

110. An intra-cardiac voltage data display method
executed by a data processing device system ac-
cording to a program stored by a memory device
system communicatively connected to the data pro-
cessing device system, the data processing device
system further communicatively connected to an
input-output device system, and the method com-
prising:

receiving intra-cardiac voltage data via the in-
put-output device system, the intra-cardiac vol-
tage data sampled by a sensing electrode over a
period of time that includes a plurality of cardiac
cycles;

causing an ablation electrode to transmit energy
sufficient for tissue ablation at least during the
sampling of the intra-cardiac voltage data by the
sensing electrode;

deriving at least a plurality of voltage values,
each of the plurality of voltage values derived
at least in part from a respective portion of the
received intra-cardiac voltage data, each of the
plurality of voltage values correlated with a re-
spective time within a time range during which
the respective portion of the of the received
intra-cardiac voltage data was sampled by the
sensing electrode;

identifying a duration from a time of a start of the
tissue ablation to the respective time correlated
with a particular one of the respective voltage
values, the particular one of the respective vol-
tage values being a maximum value as com-
pared with others of the plurality of voltage va-
lues;

determining a thickness of tissue subject to the
tissue ablation based at least upon a compar-
ison of the identified duration with a predeter-
mined threshold; and

outputting a tissue-thickness indication via the
input-output device system indicating a result of
the determination of the thickness of the tissue.
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111. A computer-readable storage medium system
comprising one or more computer-readable storage
mediums storing a program executable by one or
more data processing devices of a data processing
device system communicatively connected to an
input-output device system, the program compris-
ing:

a data reception module configured to cause
reception of intra-cardiac voltage data via the
input-output device system, the intra-cardiac
voltage data sampled by a sensing electrode
over a period of time that includes a plurality of
cardiac cycles;

an activation module configured to cause an
ablation electrode to transmit energy sufficient
for tissue ablation atleast during the sampling of
the intra-cardiac voltage data by the sensing
electrode;

a data derivation module configured to derive at
least a plurality of voltage values, each of the
plurality of voltage values derived at least in part
from a respective portion of the received intra-
cardiac voltage data, each of the plurality of
voltage values correlated with a respective time
within a time range during which the respective
portion of the of the received intra-cardiac vol-
tage data was sampled by the sensing elec-
trode;

an identification module configured to identify a
duration from a time of a start of the tissue
ablation to the respective time correlated with
a particular one of the respective voltage values,
the particular one of the respective voltage va-
lues being a maximum value as compared with
others of the plurality of voltage values;

a tissue thickness determination module config-
ured to determine a thickness of tissue subject to
the tissue ablation based at least upon a com-
parison of the identified duration with a prede-
termined threshold; and

a thickness indication module configured to out-
put a tissue-thickness indication via the input-
output device system indicating a result of the
determination of the thickness of the tissue.

112. A computer program product comprising pro-
gram code portions for performing the steps of meth-
od Example 37, 60, 91, 100, or 110, when the com-
puter program product is executed by a computing
device.

113. The computer program product of Example 112,
stored on one or more computer readable storage
mediums.
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Claims

1.

An intra-cardiac voltage data display system (100)
comprising:

a data processing device system (110; 310);
an input-output device system (120; 320) com-
municatively connected to the data processing
device system (110; 310); and

a memory device system (130; 330) communi-
catively connected to the data processing de-
vice system (110; 310) and storing a program
executable by the data processing device sys-
tem (110; 310), the program comprising:

data reception instructions configured to
cause reception of intra-cardiac voltage
data via the input-output device system
(120; 320), the intra-cardiac voltage data
sampled by an electrode (315; 415) over
a period of time comprising a plurality of
cardiac cycles;

data identification instructions (602-g) con-
figured to identify, for each respective one of
the plurality of cardiac cycles, a respective
first portion (542) of the intra-cardiac vol-
tage data sampled during the respective
one of the plurality of cardiac cycles, each
respective first portion (542) of the intra-
cardiac voltage data identified in accor-
dance with a predetermined temporal rela-
tionship with a respective occurrence of a
particular cardiac event identified in the re-
spective one of the plurality of cardiac cy-
cles, each identified first portion (542) of the
intra-cardiac voltage data comprising some
but not all of the intra-cardiac voltage data
sampled by the electrode (315; 415) during
the respective one of the plurality of cardiac
cycles;

data derivation instructions (602-h) config-
ured to derive, for each respective one of
the plurality of cardiac cycles, a respective
one of a plurality of data sets at least in part
from a respective second portion of the
intra-cardiac voltage data sampled by the
electrode (315; 415) during the respective
one of the plurality of cardiac cycles, each
respective one of the plurality of data sets
derived only from particular data that ex-
cludes the identified first portion (542) of the
intra-cardiac voltage data sampled by the
electrode (315; 415) during the respective
one of the plurality of cardiac cycles; and
display instructions configured to cause the
input-output device system (120; 320) to
concurrently display the plurality of data
sets.
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The intra-cardiac voltage display system (100) of
Claim 1 wherein the data derivation instructions
(602-h) are configured to derive each respective
one of the plurality of data sets at least in part from
a first respective part of the respective second por-
tion of the intra-cardiac voltage data sampled by the
electrode (315; 415) during the respective one of the
plurality of cardiac cycles, the first respective part
including a maximum value as compared with other
parts of the respective second portion of the intra-
cardiac voltage data sampled by the electrode (315;
415) during the respective one of the plurality of
cardiac cycles.

The intra-cardiac voltage display system (100) of
Claim 2 wherein the data derivation instructions
(602-h) are configured to derive each respective
one of the plurality of data sets at least in part from
a second respective part of the respective second
portion of the intra-cardiac voltage data sampled by
the electrode (315; 415) during the respective one of
the plurality of cardiac cycles, the second respective
part including a minimum value as compared with
other parts of the respective second portion of the
intra-cardiac voltage data sampled by the electrode
(315;415) during the respective one of the plurality of
cardiac cycles.

The intra-cardiac voltage display system (100) of
Claim 1 wherein each of the plurality of data sets
comprises data representative of a maximum abso-
lute value in the respective second portion of the
intra-cardiac voltage data sampled by the electrode
(315; 415) during the respective one of the plurality of
cardiac cycles.

The intra-cardiac voltage display system (100) of
Claim 1 wherein each of the plurality of data sets
comprises data representative of a difference be-
tween a maximum value and a minimum value in the
respective second portion of the intra-cardiac vol-
tage data sampled by the electrode (315; 415) during
the respective one of the plurality of cardiac cycles.

The intra-cardiac voltage display system (100) of
Claim 1 wherein each of the plurality of data sets
comprises data representative of a difference be-
tween two values in the respective second portion of
the intra-cardiac voltage data sampled by the elec-
trode (315; 415) during the respective one of the
plurality of cardiac cycles.

The intra-cardiac voltage display system (100) of
Claim 1 wherein the program comprises activation
instructions configured to cause the electrode (315;
415) to transmit energy sufficient to cause tissue
ablation at least during the sampling of the intra-
cardiac voltage data by the electrode (315; 415) over
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the period of time comprising the plurality of cardiac
cycles.

The intra-cardiac voltage display system (100) of
Claim 1 wherein the display instructions are config-
ured to cause the input-output device system (120;
320) to sequentially display each of the plurality of
data sets until all of the plurality of data sets are
concurrently displayed by the input-output device
system (120; 320).

The intra-cardiac voltage display system (100) of
Claim 8 wherein the display instructions are config-
ured to cause the input-output device system (120;
320) to sequentially display each of the plurality of
data sets according to a first order that is consistent
with an order of the plurality of cardiac cycles during
the period of time.

The intra-cardiac voltage display system (100) of
Claim 1 or 8 wherein the display instructions are
configured to cause the input-output device system
(120; 320) to display the plurality of the data setsina
first spatial order representative of an order of the
plurality of cardiac cycles during the period of time.

The intra-cardiac voltage display system (100) of
Claim 1 wherein the display instructions are config-
ured to cause the input-output device system (120;
320) to display an intra-cardiac electrogram concur-
rently with the plurality of data sets, the intra-cardiac
electrogram derived from at least a portion of the
intra-cardiac voltage data sampled by the electrode
(315; 415).

The intra-cardiac voltage display system (100) of
Claim 11 wherein the intra-cardiac electrogram is a
monophasic intra-cardiac electrogram.

The intra-cardiac voltage display system (100) of
Claim 11 wherein the display instructions are con-
figured to cause the input-output device system
(120; 320) to display the plurality of data sets among
at least a portion of the intra-cardiac electrogram.

The intra-cardiac voltage display system (100) of
Claim 1 wherein each respective second portion of
the intra-cardiac voltage data sampled by the elec-
trode (315; 415) during the respective one of the
plurality of cardiac cycles comprises frequency-
weighted data.

The intra-cardiac voltage display system (100) of any
one of Claims 1 to 14 wherein the intra-cardiac
voltage data is sampled by the electrode (315;
415) while the electrode (315; 415) is positioned at
asame locationin anintra-cardiac cavity during each
of the plurality of cardiac cycles in the period of time.
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